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Abstract
Saving lives becomes the most important task for emergency services when a
disaster occurs. Future, Search and Rescue (SAR) missions require human op-
erators to collaborate with machines to execute these missions efficiently. The
operators must concentrate on their tasks under stressful conditions and the ma-
chines must assist the operators in making decisions. Situation Awareness (SA)
is an important factor that affects an operator’s performance. Improving the SA
of operators will enhance the efficiency and safety outcomes of their actions. A
human-machine interface is a platform that enables operators to interact with the
machines, and SA has become an essential issue when designing these interfaces.
Several interactive devices such as smart phones, tablets and interactive tables
have entered the market in recent years. Smart phones and tablets have smaller
screen size compared with interactive tables, and have the advantages of being
portable, mobile and easy to carry. While the larger screen size interactive tables
do not have these advantages, they do allow more than one person to operate
the devices simultaneously. The operators at a base station, for example, can use
an interactive table to collaborate and communicate with the operators in the
field who are using portable devices. Screen size, however, can be a factor that
impacts on an operator’s SA. This research has designed and implemented an
experiment to evaluate operators’ SA on two devices, each with a different screen
size. The two devices used in the experiment were a larger interactive table,
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DiamondTouch DT107 (47 inches diagonal), and a smaller interactive tablet,
iPad (9.7 inches diagonal). The experiment tested the operator SA according to
three performances: (1) Change Detection (CD), (2) Search Target (ST), and (3)
Information Reading (IR).
The Situation Awareness Global Analysis Test (SAGAT) was used for measur-
ing the operator’s SA on dynamic systems. The experiment used and applied
the SAGAT method, and asked the operators questions related to SA during the
experiment. The simulator developed for the experiment was the Interactive Op-
eration Situation Awareness Testing Simulator (IOSATS). IOSATS embedded the
SAGAT, automatically asked the operators questions, and saved their answers.
The scenario applied in IOSATS was a SAR mission that required the opera-
tors to locate and retrieve multiple survivors in fifteen minutes. Each operator
undertook a background survey before the experiment started. The background
information included: (1) Gender, (2) Native language, (3) Age, (4) Education
background, (5) Gaming experience, (6) Time spent on gaming, (7) Experience
with multi-touch devices, (8) Time spent on using multi-touch devices (smaller
than the iPad, of similar size to the iPad, and larger size than the iPad), and (9)
response time.
Eight (8) characteristics were defined for the SA questions: (1) Movement, (2)
Colour, (3) Appearance/Disappearance, (4) Shape, (5) Text/Information, (6)
Processing, (7) Spatial Relocation, and (8) Spatial Correlation. The SA results
and the background information was analysed for statistical differences using the
Student T-test and Linear Regression. Experimental results show that the opera-
tors have better SA on DT107 with operations that relate to observing elements’
Movement and Shapes. On the other hand, the operators required longer re-
action time on the DT107 than on the iPad. With respect to the Background
Information analysis and the iPad operations, it was also found that (i) Gender
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affects iPad operations that related to their understanding of colour change in
the elements, and processing the information read in the past; (ii) age affects
iPad operations that related to processing the information read in the past; and
(iii) the time an operator spends on gaming per week affects their iPad opera-
tions that related to processing the information read in the past. With respect to
the Background Information analysis and the DT107 operations, (i) age affects
DT107 operations that related to processing the information read in the past; (ii)
Experience with multi-touch devices affects DT107 operation that related to un-
derstanding the colour change of element, seeing and processing the information
read in the past; and (iii)response time affects DT107 operation that related to
seeing the information.
The results of this research can be used to inform the future human-machine
interface design of systems that require collaboration among devices of different
screen size. It also provides a platform for future research, for example, exploring
other scenarios, investigating other multi-touch devices with different screen sizes,
and understanding the psychology behind the experimental outcomes.
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Chapter 1
Introduction
Search and Rescue (SAR) involves complex interaction between humans and ma-
chines. Due to the criticality of these missions, the human machine interface
(HMI) must be designed with a high level of automation to support and improve
operators’ situation awareness (SAR) and performance. SAR requires collab-
oration between multiple parties, and one way to achieve this collaboration is
through modern interactive devices of various sizes. Small interactive tablets
provide portability to field operators, while large interactive tables allows simul-
taneous multi-user activities in control centres. Therefore, the performance of
this multi-user, multi-interface collaboration has become an important study in
the recent years.
1.1 Search and Rescue
Search And Rescue (SAR) missions aim to locate and save lives in critical periods
when urgent situations arise. SAR is a mission that requires the collaboration
2 1.1 Search and Rescue
Figure 1.1: Australian Search and Rescue Region (SRR) [3].
of humans (operators) and machines to save lives (targets) under stressful con-
ditions. There are different SAR types, such as urban SAR that searches and
rescues targets from a collapsed building; ground SAR that executes the mis-
sion with ground vehicles; and air-sea SAR that involves air vehicles such as
helicopters. The International Civil Aviation Organization (ICAO) and the In-
ternational Maritime Organization (IMO) are the two main organizations that
regulate international SAR missions [10]. Australia has signed the International
Convention for the Safety of Life at Sea, 1974 (SOLAS), the International Con-
vention on Maritime Search and Rescue, 1979, and the Convention on ICAO and
IMO; thus, it has the responsibility to lead and process SAR missions within
the Australian Search and Rescue Region (SRR), as shown in Figure 1.1. An
Australian Search and Rescue (AusSAR) service involves Commonwealth, State,
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and Territory authorities and organizations [10]. The Australian Maritime Safety
Authority (AMSA) is the government organisation that operates the Rescue Co-
ordination Centre (RCC) in Canberra and has the responsibility to process SAR
missions in the national region. When the SAR moves to the state level, state
police and State Emergency Service (SES) become the main SAR operational
organisations [11]. During an international SAR mission, AMSA can ask for help
from other countries if need be. Similarly, state level SAR missions can seek help
from the Federal Government, the Defence and Police Forces, and other states.
The structure and process of a SAR mission includes a number of roles and
stages which will be discussed in detail in Chapter 2 (Background and Literature
Review). For disasters involving unknown or hazardous environments, such as
nuclear explosions and building collapses, robots can replace operators and enter
the environment to collect information; this avoids the need to send human oper-
ators into dangerous and unknown situations. Also, improvements in Unmanned
Aerial Vehicle (UAV) technology can be applied in future air-sea SAR missions
to increase search efficiency. Therefore, new responsibilities for SAR operators
involve the remote operating of robots, and the analysis of received information to
identify possible locations of the targets. The collaboration between the operators
and the robots is also known as Human-Machine Interaction (HMI).
1.2 Human-Machine Interaction and Interface
Both physical and cognitive aspects need to be considered when seeking to im-
prove Human-Machine Interaction (HMI). The physical aspect involves the im-
provement of interface design and helps the operator to manage problems cre-
ated by human cognition (the cognitive aspect), for instance, workload, stress,
and memory capacity [12]. A human-machine interface is the platform that pro-
vides humans with a channel to communicate and collaborate with the machine.
4 1.3 Automation
It follows, therefore, that improving interface design can enhance the operator’s
performance. Chapter 2 reviews the literature in the field in an effort to under-
stand the current research on ways in which to improve interface design. The four
stages of interface design include: (i) User analysis, (ii) Functional analysis, (iii)
Task analysis, and (iv) Representational analysis [6]. User analysis identifies user
expertise, skills, knowledge, educational background, and cognitive capacity. An
interface developer analyses the information and designs the interface according
to user characteristics. Functional analysis identifies the critical functions that
the user requires. Task analysis aims to define a number of tasks involved in these
critical functions. Representational analysis defines an effective representational
method to assist the operator in correctly perceiving, understanding, and apply-
ing the information. Humans have changed their role from machine operators to
machine supervisors [22], and automation is considered to be a key function to
support the user.
1.3 Automation
A machine’s automation usually assists human operation and, therefore, improves
performance. There are ten Levels of Automation (LOA) as defined by Sheridan
[9]. LOA 1 refers to manual operation, where humans make all the decisions and
machines simply follows their orders. As the LOA increase, the machine takes
more responsibility for making decisions and completing tasks. LOA 10, there-
fore, represents complete automation and the human is not part of the decision
making loop. Based on the LOA, Parasurma proposed four information process-
ing stages to illustrate the procedure of automation: (A) Information Acquisition,
(B) Information Analysis, (C) Decision Making, and (D) Action [9]. As the terms
suggest, Information Acquisition receives information from various sources; In-
formation Analysis analyses the received information; and during the Decision
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Making stage, the machine makes a decision based on the analysed information
and acts on this performance (Action stage). Each stage has a different LOA
depending on the various operators.
1.4 Situation Awareness
Any system involving human beings as operators must consider human cognitive
factors such as Situation Awareness (SA), stress, emotion, and workload. The
cognitive processing procedure, from receiving information to performance a con-
sequent action, includes a number of steps. SA is an important factor during this
procedure and, therefore, safety and efficiency in human-computer interaction
[7, 23] is depended on it. The procedure (from receiving information to perform-
ing a particular action) depends on a decision that is made according to a series
of specific cognitive process (listed here according to the order in which they oc-
cur): (i) receiving environmental information, (ii) understanding and analysing
the information, and (iii) applying the information to project the near future [7].
These activities are also known as the ’three levels of SA’. Any error occurring
during these three processing levels can lead to undesired situations.
In the aviation domain, improving performance efficiency and safety is an im-
portant consideration, and SA has been recognized as a key factor in the design
of many aviation systems. For instance, the United States National Aeronau-
tics and Space Administration (NASA) incorporated SA into the design of its
human-machine interaction system [24], and the United States Federal Aviation
Administration (FAA) has issued a guide to direct their human-computer inter-
face design [25].
This research applied a method named Situation Awareness Global Analysis Tech-
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nique (SAGAT) that does not require the use of any equipment to measure an
operator’s physical reactions [26]. SAGAT was developed by Mica Endsley, and
has been used to examine operator SA in domains such as air traffic control, pilot
performance, and nuclear power operation [26]. SAGAT tests the operator’s SA
by asking SA related questions during the experiment. The information obtained
in this way is then statistically analysed to define and determine any change in
operator SA. Goal-Direct Task Analysis (GSTA) is a method developed by Ends-
ley for analysing SA questions relating to the above mentioned domains. Further
details on SAGAT and GDTA are provided in Chapter 2 (Background and Liter-
ature Review). There are several factors that have an impact on SA; for instance,
a machine’s automation,and operator workload as previously mentioned and/or
stress [26]. The screen size of the HMI is also a factor that needs to be consid-
ered during the interface design because different screen sizes affect the operator
performance [13–15].
1.5 Motivation: Screen Size and Human Perfor-
mance
There is some existing research examining the efficiency of performance of action
on large screens and small screens [14, 16, 17]. For instance, recent research
compared a large projection screen with a fixed desktop screen, a fixed desktop
screen with a small mobile screen, and a large television display screen with a
fixed desktop screen. In recent years, interactive devices such as Personal Digital
Assistance (PDA), vehicle navigation system, smart phones, interactive tablets,
and interactive tables have significantly improved. Many domains have discussed
the potential benefit of using these interactive devices to increase efficiency in
working and learning [18, 19], and interactive tablets and tables are commonly
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seen in these domains. Interactive tablets provide the portability and mobility
necessary for the operator to communicate and collaborate with other operators in
remote areas [19], and large screen interactive tables allow a number of operators
to simultaneously collaborate on the same screen. However, information transfer
between two devices can cause the operator to have different SA when using the
devices. Existing research focuses on the traditional fixed desktop screen rather
than on the newer touch-screen devices that support simultaneous multi-touch
input and information output [14, 16, 17]. With the popularity of these interactive
devices, it is crucial to investigate the associated impact on operator SA hence
performance.
Many factors affect a person’s ability to perceive and gain awareness of his/her
environment. Three focal tasks in particular have been identified relating to
visual perception and SA that affects operator performance. The performance of
action are: change detection (CD) [20], search target (ST) [21], and information
reading (IR) [47]. CD is used to determine any changes during the operation;
ST is used to search for a particular target in a given area, and to navigate the
target’s location when the content of the interface has been scaled and relocated;
and IR is used to read and understand the information on the particular target,
including words and images. By evaluating an operator’s ability to performance
these actions, it is possible to determine the impact of HMI screen size has on
the operator’s SA.
1.6 Research Objective and Approaches
The aim of this research is to evaluate the difference in operator SA when
using two multi-touch devices with different screen sizes in a simulated SAR
scenario. As determined by the literature review, three particular performances
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are measured: Change Detection (CD), Search Target (ST), and Information
Reading (IR). The research question, therefore, can be framed as follows:
How does screen size on multi-touch interactive devices affect an opera-
tor’s situation awareness when performing the three actions of Change Detection,
Search target, and Information Reading?
Two different screen size devices, iPad and DT107 (as shown in Figure
1.2), were used in the experiment to evaluate the difference in operator SA. The
iPad is manufactured by Apple Inc., and has a diagonal screen dimension of
9.7 inches (24.638 cm). The DT107 is one of the models of the DiamondTouch
series manufactured by Circle Twelve Inc., with a diagonal screen dimension of
47 inches (119.380 cm). Figure 1.3 represents the size differences between iPad
1 and DT107, and Table 1.1 compares the specifications of the iPad and the
DT107 used in the experiment.
Figure 1.2: Left: DT107 [4]; Right: iPad [5].
The research methodology includes three stages:
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Figure 1.3: Size Comparison: DT107 vs. iPad
Table 1.1: The iPad and DT107 specification.
Diagonal Size (cm) 24.638 119.380
Dimensions (cm2) 19.7× 14.8 86× 65
Resolution (pixels2) 1024× 768 1024× 768
Multi-touch Function YES YES
Multi-user Function NO YES
Simulator IOSATS IOSATS
Manufactured Apple Inc. Circle Twelve Inc.
Manufactured Year 2009 2009
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Stage 1: Literature Review
This stage analysed the research question and reviewed key elements including the
Australian SAR, HMI, screen size, SA, automation, and appropriate statistical
methods to analyse the experimental results.
Stage 2: Experiment Design
This stage consisted of deciding on the SA measuring method. The experiment
developed a game-like simulator program called Interface Operation and Situation
Awareness Testing Simulator (IOSATS) to evaluate operator SA during a SAR
scenario. IOSATS embeds SAGAT, which automatically ask the SA questions
and collect results during the experiment.
Stage 3: Data Analysis and Discussion of Results
This stage applied statistical methods (analysis of variance and Student T-test)
to analyse the experimental data. Results are discussed following this analysis.
1.7 Research Contribution
The research results provide guidelines for future HMI interface design that will
improve operator SA when using devices of varying screen sizes. The applica-
tion domains for this improved interface design include air traffic control, SAR
missions, and other similar supervisory and control systems.
One conference paper was published during the course of this research:
Hsu, H.; Campbell, D. A. & Mason, M. The Effect of Screen Size on Missions
Commander’s Situation Awareness ICAS 2012. International Council of the
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Aeronautical Sciences, 2012
1.8 Outline of the Thesis
The thesis is structured as follows:
Chapter 1 (Introduction) explains how the SA questions were determined, outlines
the methodology used to answer the research question, presents the contributions
of this research, and provides the thesis outline.
Chapter 2 (Background and Literature Review) reviews the background to, and
the avaliable literature on, Australian SAR, HMI, Screen Size, SA, Automation,
and the devices used in the experiment.
Chapter 3 (Methodology and Experiment Design) details the methodology used
and the experimental procedure.
Chapter 4 (Data Analysis and Discussion) details the statistical methods applied
to analyse the experimental data, and includes the discussion of the experimental
results.
Chapter 5 (Conclusion and Recommendation for Future Research) provides a
summary of the literature review and, the experimental design and methodologi-
cal approaches; the research outcome; and recommendations for future research.

Chapter 2
Background and Literature
Review
The research question involves a number of key elements: Human-machine in-
teraction, screen size, and situation awareness. To understand these elements, a
review of their background and related existing research is required. As the term
suggests, human-machine interaction contains both human and machine aspects.
This chapter reviews the current roles discusses and structure of Australian Search
and Rescue missions, aspects of human-machine interaction including automation
and situation awareness, and the tools used in this research and experiments.
2.1 Search and Rescue
Australia’s professional SAR service is administered by the Australian Maritime
Safety Authority (AMSA). This SAR service covers the Australian mainland as
well as the 52.8 million square kilometre area of the Indian, Pacific and Southern
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Oceans. Together, these areas are constitute the ’Australian Search and Rescue
Region’ (SRR). The Rescue Coordination Centre (RCC) in Canberra is respon-
sible for the Australian SRR. The Australian mainland SAR service involves
Commonwealth, State and Territory authorities and organisations. Police are
the SAR authorities in each state and territory. Other SAR authorities include
the Australian Defence Force, Airservices Australia and other Commonwealth
agencies and authorities, such as the Bureau of Meteorology, Emergency Man-
agement Australia and Border Protection Command. All of these agencies and
authorities collaborate with the RCC when a SAR incident occurs [3].
According to the 2010 Australia National Search and Rescue Manual [3], a SAR
mission includes a SAR Mission Coordinator (SMC), an Assistant SAR Mission
Coordinator (A/SMC), Allocator(s), Reorder(s), Briefing Officer(s), Intelligence
Officer(s), Rescue Planner(s), Liaison Officer(s), an On Scene Coordinator(OSC)
and Forward Command Post(s) (FCP). Table 2.1 lists the responsibilities of SAR
staff. A SAR mission is led by a SMC who is responsible for managing SAR
operations in all their stages. Due to the heavy workload of the SMC, an A/SMC
is assigned to assist the SMC with their responsibilities. An Allocator is respon-
sible for the determination of a probability area, allocation of search units to that
area, and for briefing or debriefing search crews when required. The Recorder
keeps up-to-date chronological records of SAR actions, details of telephone calls
and radio logs. Intelligence Officers support the Briefing Officer on SAR mis-
sions. The Intelligence Officer’s duties include meteorological analysis, report
analysis, witness interrogation, data collection for missing objects, logistical data
compilation for the search areas and supervision of other staff. While processing
the SAR mission, Liaison Officers are responsible for representing their parent
agencies or authorities who are assisting in a SAR mission. While implementing
the search and rescue plan, the OSC must also provide regular situation reports
(SITREPS) to the SMC. When the SMC gives an order to the field, the OSC
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Table 2.1: Australian search and rescue crew
Title Functions
SAR Mission Coordinator
(SMC)
Mission leader; responsible for managing SAR operations
in all stages
Assistant SAR Mission
Coordinator (A/SMC)
Assisting the SMC
Allocator(s) Determining probability area, allocating search units to the
areas, and briefing and debriefing search crews when re-
quired
Recorder(s) Keeping up-to-date chronological record of SAR action, de-
tails of telephone calls and radio logs
Briefing Officer(s) Briefing the public on the SAR mission
Intelligence Officer(s) Having responsibility for meteorological analysis, report
analysis, witness interrogation, data collection for missing
targets, logistical data compilation for the search areas and
supervision of other staff
Rescue Planner(s) Planning the rescue tasks
Liaison Officer(s) Representing their parent agencies or authorities to assist
in the SAR mission
On Scene Coordinator
(OSC)
Providing regular situation reports (SITREPS) to SMC, ex-
ecuting orders based on the prevailing environmental con-
ditions, executing any changes in plans if advised by the
SMC, and providing relevant information to other SAR as-
sets
Forward Command
Post(s)(FCP)
Acting as administrator(s) of SAR missions
has to execute the order based on the prevailing environmental conditions, and
execute any changes in plans if advised by the SMC. The OSC also provides rel-
evant information to other SAR assets. The Forward Field Base (FFB) or FCP
plays a role as an administrator in SAR missions. There are five stages in a SAR
mission as shown in Figure 2.1: Awareness, Initial Action, Planning, Operation
and Conclusion.
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Figure 2.1: The five stages of a SAR mission
A. Awareness
When an actual emergency occurs, or when there is the potential for such an
emergency (for example, the threat of a damaging weather event), SAR activates
the mission. This activation begins with the Awareness stage, which involves
gathering information on the missing targets, obtaining reports from any witness,
and requesting assistance from the RCC. Depending on the situation, the SAR
mission may decide to declare one of three lwvels of awareness: Uncertainty
(INCERFA), Alert (ALERFA) or Distress Phase (DETRESFA). An INCERFA is
assigned when the situation is suspected to involve safety issues (The uncertainty
is due to a lack of information about the emergency); a ALERFA is assigned
when the SAR objects are known to be in serious difficulty; and a DETRESFA
is assigned when the SAR objects are in imminent danger.
B. Initial Action
When the mission moves to Initial Action, the SAR office raises an alert and seeks
more information. The Initial Action stage will have varying responses depending
on the level of Awareness (as explained above). During this stage, the Intelligence
Officers are responsible for gathering sighting and hearing reports from witnesses;
gathering the SAR targets’ assessment reports (if available); liaising with the
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police for other relevant reports; examining the SAR targets’ communication
records (if available); analysing the flight path in the case of aircraft incidents;
analysing weather; and obtaining logistical information.
C. Search Mission Planning and Operation
Planning and Operation stages are both divided into ’Search’ and ’Rescue’ phases.
Once the incident notification has been issued to each responsible organisation,
the SMC will launch a search plan to direct the whole search operation. This
action is a continuing loop, which combines Planning and Operation, based on
information collected in the Initial Action stage. Search Planning includes seven
steps: (1) evaluating the situation based on the results of previous search; (2)
estimating the incident location; (3) estimating the SAR targets’ post-distress
movements; (4) estimating both the most probable location of the SAR tar-
gets and the degree of uncertainty about this location; (5) determining the best
method of using the available SAR assets to increase the chance of finding the
SAR targets; (6) defining search sub-areas and search patterns for assignment
to specific search assets; and (7) providing a search plan(which includes the cur-
rent description of the situation and SAR targets, specifications of responsibilities
to various search facilities, OSC instructions, and reporting requirements of the
search assets). These seven steps are repeated until either the SAR targets are
located, or the situation shows that further searching would be futile.
There are three search phases in Search Operation: (a) immediate response, (b)
nominated area either side of track, and (c) mathematically derived area. The
first phase involves a visual and/or electronic search for the missing SAR targets.
The second phase processes a search in an area of 10 nautical miles either side
of track; however, this search area can vary according to circumstances. These
two phases can run concurrently. However, if the SAR targets are not still found
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by the end of these two phases, the SAR crew implements need to use Phase 3.
In this phase, a probability calculation, based on the navigational tolerances of
the SAR targets, defines a mathematically determined probable search area. For
example, calculating the flow speed of a river can find the probable area in which
the SAR targets are located. Once the search units have found the target, they
will start the rescue mission.
D. Rescue Mission Planning and Operation
The purpose of a rescue mission is the speedy return of the distressed survivor(s)
to safety. Rescue Planning starts at the beginning of the SAR mission. The SMC
is responsible for ensuring that appropriate rescue resources are in position to be
readily moved to the SAR targets’ location. Medical assistance is also required
to be in a state of readiness. The Rescue Planning stage needs to take the
following factors into account: the arrangement of specific actions; the location
of the SAR targets; their condition and/or distress; any discrepancy between
the number of SAR targets that have been previously reported, and the actual
number found; environmental considerations; the available SAR facilities and
their state of readiness; the effect of the weather; the time of day; and any risk
involved for SAR personnel in the rescue area.
The Rescue Operation stage starts when the search units find the SAR targets.
Depending on various circumstances, the rescue facilities might include: robots
(SAR robots are normally used in urban search and rescue (USAR) operations
[3]), boats, vessels, aircrafts or helicopters (A MEDEVAC helicopter is specially
designed for medical rescue operations). In the Conclusion stage, the SAR units
return to base, and the SMC and SAR crews debrief.
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2.2 Human-Machine Interaction and Interface
Human-Machine Interaction (HMI) is the term used to describe the collaboration
between humans and computers. The collaboration includes both physical and
cognitive aspects [12]. The physical aspect focuses on interface development,
and the cognitive aspect considers human cognitive behaviour such as workload,
stress, and memory capacity. An HMI system includes humans, machines and
interfaces. The human role in HMI has changed over time from that of machine
operator to machine supervisor [22]; therefore, the current aim of designing HMI
interfaces is to reduce human errors caused by human cognitive behaviour and,
consequently, to increase computer reliability.
2.2.1 Human-Machine Interface
User analysis
Funconal analysis
Task analysis
Representaonal analysis
Figure 2.2: The methodology for Human-Machine Interface design flowchart [6]
The Human-Machine Interface is the medium used between humans and comput-
ers that provides a platform for communicating and collaborating. While many
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methods for designing interface exist [6, 27, 28], a common design method to
increase performance efficiency and reduce human errors can be generalised as il-
lustrated in Figure 2.2. The methodology includes four stages: (1) user analysis,
(2) functional analysis, (3) task analysis, and (4) representational analysis.
User analysis involves identifying user characteristics such as expertise, skills,
knowledge, education background, and cognitive capacity. The information struc-
ture that is used in the system must match the user’s knowledge [6]. In the HMI,
a computer should support the human, rather than the human support the com-
puter [29]; indeed, studies have shown that if the computer can provide support
for its operators, they can make better decisions and perform more efficiently
[30–32]. The HMI must continue to improve its interface design according to
feedback from users [33], and the result of the analysis of this stage affect the
analysis of the other three stages.
Functional analysis identifies the critical functions in a particular domain. De-
pending on the different domains, various critical functions are required. The
implemented functions must relate to the performance goal; for example, the
goal of a SAR mission is to find the survivors and rescue them, so the mis-
sion functions follow the order of collecting survivor information, establishing
SAR mission members, collecting environment information, sending search units,
sending rescue units and, finally, concluding the mission. This stage can be sepa-
rated into two sub-stages: work domain analysis and cognitive work analysis. The
work domain analysis focuses on the particular domain’s work structure, and the
cognitive work analysis focuses on the cognitive activities involved in conduct-
ing a task. The work domain analysis in the SAR interface is the function of
collecting environmental information; the cognitive work analysis evaluates the
cognitive activities that the operator will experience such as work load, stress,
and situation awareness.
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The task analysis helps to understand the structure and procedures of a specific
task. Therefore, this stage consists of identifying task procedures, task functions,
input and output procedures, and system requirements and constraints [6]. This
stage should also ensure that only critical components are included in the system
[29]. The advantage of task analysis is in reducing operator time spent on ma-
nipulating repeated functions and overlapping information [6, 33]. It also helps
to ensure that the system is able to detect errors, recover critical functions, and
automatically maintain the system [29].
The representation analysis defines a representation method to assist the operator
to perceive, understand, and apply the information correctly. The representation
should not form a barrier between the operator and the system [6]. An easy-
to-understand structure and a simple design interface can reduce operator work
load and the time spent on learning and finding the information and functions
[29, 34].
The machines deployed in future SAR missions include unmanned aerial vehicles
(UAVs) for air-sea missions, and unmanned ground vehicles (UGVs) for urban
missions. The role for UAVs and UGVs is to enter to dangerous zones to investi-
gate the environment, search for survivors, and support rescue missions [35, 36].
The operator must have high SA to control the machines and to manage the
cognitive stress caused by a (possibly) heavy work load. Many studies focus
on improving interface design, with the aim of increasing operator SA [37–41].
The methods used include using real-time visual cameras to ensure that the op-
erator has all the available environmental information, integrating information,
highlighting the important information, and simplifying the interface design (A
further review of ways in which to enhance SA is discussed in Section 2.4 of this
chapter).
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2.3 Automation
Automation is defined as a factor that affects human actions [9]. The advantages
of automation are human convenience, reduced workload, and the enhancement of
SA. However, researchers have found that higher levels of automation can mislead
humans, causing them to make wrong decisions in an emergency situation. With
higher level of automation, the operator becomes accustomed to monitoring the
machine’s autonomous operations. When an emergency occurs, however, the
operator may forget or be unfamiliar with way in which to manipulate the system
[23].
Sheridan and Verplanck (1978) defined ten (10) levels of automation (LOA), as
shown in Table 2.2 [2]. Level 10 automation is a fully automated system. A
machine takes responsibility for all processes, and humans are not part of the
loop in this system. As LOA reduces, humans are more involved in the system’s
operation and take more responsibility for the system process. Level 1 automation
Table 2.2: Ten Levels of Automation (LOA) [2]
.
HIGH 10. The computer decides everything, acts autonomously, ignoring the human
9. Informs the human only if it, the computer, decides to
8. Informs the human only if asked, or
7. Executes automatically, then necessarily informs the human, and
6. Allows the human a restricted time to veto before automatic execution, or
5. Executes that suggestion if the human approves, or
4. Suggests one alternative
3. Narrows the selection down to a few, or
2. The computer offers a complete set of decision/action alternatives, or
LOW 1. The computer offers no assistance: human must take all decisions and actions.
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is a wholly manual system without any machine assistance. As shown in Figure
2.3, Parasurama proposed four information processing stages to illustrate the
procedure of automation [23].
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Figure 2.3: Four stages of Information Processing [9].
At Stage A, the system receives information from multiple sources, and involves
sensory processing, pre-processing of data, and selective attention. Stage B in-
volves information analysis in working memory and cognitive operations, which
include integration, diagnosis, and inference. Stage C makes a decision according
to the cognitive operations in Stage B, and Stage D starts the action to implement
this decision. Various automated systems can have different LOA across these
four stages. Due to the affinity within these four stages, information automation
and decision automation are classified. Stages A and B are both information
processing, so they are classified as ’information automation’. Stages C and D
tend to be classified as ’decision automation’.
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Stage A receives information from the environment via sensory processing, initial
pre-processing of data prior to full perception, and selective attention. Automa-
tion of information acquisition requires the sensing and remembering of the input
data. The lower level of this automation may consist of strategies for mechan-
ically moving sensors in order to scan or observe [9]; the higher level requires
the input data to be filtered according to the criteria embedded in the system
[23]. Only the necessary information is shown on the screen; the rest is hidden.
A potential risk can occur if the system is imperfect and the operator may not
be able to gain access to the hidden information that can assist them to build
the correct projection of the near future. The suggestion is that the system can
dynamically highlight the important information and place other information in
the background; however, the system should never hide any information [23].
Stage B requires conscious perception to process the information from Stage A,
with the information in working memory. Cognitive operations, such as informa-
tion rehearsal, integration, and inference occur during this stage. Automation of
information analysis requires cognitive functions such as working memory, situ-
ation assessment, diagnosis, and inferential processing. The lower level of this
automation includes applying algorithms to incoming data to predict the status
of the near future and to present both the current and anticipated future state on
the screen. The higher level of this automation includes integration to combine
several input data to a single value [9, 23].
Stage C involves making a decision or selection an action based on the cognitive
processing that occurred in Stage B. Decision-making automation involves vary-
ing levels of augmentation or the replacement of human decision selection with
machine decision-making. The lower level of this automation provides the oper-
ator with a series of options for final decision-making. The higher level of this
automation involves the machine making decisions by itself, and the operator has
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no ability to veto the decision [9]. However, unless full reliability can be ensured,
high LOA in this stage might be risky, especially where an incorrect outcome
could result in human safety issues, or even death [23].
Stage D involves action implementation consistent with Stage C. Automation of
action includes varying levels of machine execution of the action that is selected
by the operator. Different levels of automation can be defined by relative levels
of manual and automation [9].
The level of automation must be defined by the abilities and capacities of the
machine, as higher levels of automation require more mature technology, capable
of gaining the operator’s trust. Many human errors occur during the stage of
decision automation because the operator over-trusts the machine. The level of
automation must depend on the reliance and compliance [23], where ’reliance’ is
defined as the operator trusting that the automated system is capable of com-
pleting the task without failure. Alternatively, the level of reliance the operator
has depends on the automation system’s failure frequency. However, a high level
of trust in an automated system that is not perfectly reliable may lead to com-
pliance.
2.4 Situation Awareness
Situation Awareness (SA) has been defined as ”The perception of element in
the environment within a volume of time and space, the comprehension of their
meaning, and the projection of their status in the near future [7].” According to
this definition, SA has three levels: SA Level 1 is the perception of elements from
the environment; SA Level 2 is the comprehension of this information, and SA
Level 3 is the use of this information to project the near future. Each lower level
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of SA must be satisfied before the next (higher) level can be achieved. Figure 2.4
illustrates the importance of SA during the decision-making procedure. There
are many factors affecting SA as presented in Figure 2.4, for example, machine
capability, human perception, operator’s experience, and human memory capabil-
ity. This thesis focuses on the SA and decision making procedure. Task/System
Factors and Individual Factors that mentioned in Figure 2.4 were not the focus
of this research.
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Figure 2.4: Decision making procedure [7]
During SA Level 1, information is received by the operator’s sensing organs. If
there is no information lost during this stage, then SA Level 1 is successful. In-
formation then passes into SA Level 2. An SA Level 1 Error can occur when
the operator fails to receive information from the environment because of lost
concentration, or when the information is located in the operator’s blind spots.
2.4 Situation Awareness 27
During SA Level 2, information is analysed by the operator and is distinguished
as either useful or useless information. An SA Level 2 Error can occur when the
operator misinterprets the information. At SA Level 3, the operator combines
useful information and his/her past experience and knowledge to make a decision,
and the performance of actions begins. SA Level 3 Error can occur when the op-
erator combines inappropriate experience or knowledge with useful information,
and therefore projects an incorrect future status. As illustrated in the Figure 2.4
flowchart, however, there are many factors that affect SA and the performance
of action, such as workload, automation, and interface design.
Enhancing SA Level 1
Methods proposed in the literature to enhance SA Level 1 aim to (i) provide
completed information, (ii) highlight important information, and (iii) simplify
interface design for the operator.
Complete information aims to represent the information appropriately and not
to filter out any input information. A number of human-robot interaction studies
suggest that the human-machine interface should provide the operator with a two-
dimensional (2D) map or a three-dimensional (3D) representational view [37, 39,
41, 48, 49]. In these studies, all information received by the operator is presented
through the interface, and the operator does not directly interact with the robot.
Human errors that can occur in this situation include an operator’s Inattentional
Blindness (IB) or Change Blindness (CB) [20]. IB occurs when the operator does
not pay attention to the object that is located in their visual field. CB occurs
when the operator does not realise that an object located within his/her visual
field has changed. The perception of change is a sequence of operations: (1)
loading information into visual short-term memory (VSTM); (2) holding VSTM
across the blank interval, and (3) comparing the recent visual information with
the new visual display. Any of these operational failures will lead to CB. IB is a
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divided attention procedure, while CB requires the operator’s working memory
and his/her focused attention to recognise the object change. One of the solutions
proposed to address IB and CB is to highlight important information.
Highlighting important information enables the key objects to become salient to
the operator. This has been determined by studies in Neuroscience that have
shown that humans have selective visual attention, and that they also demon-
strate the properties of competition and selectivity [21]. A case study investi-
gating competition, for example, shows that targets compete with non-targets to
gain a human’s visual attention. In this study, two spatially separated objects
were presented in a human’s visual field, and the human was required to identify
the attributes of both objects. Four phenomena were revealed: (1) dividing atten-
tion between two subjects results in poor performance; (2) the major limitation
occurs at stimulus input rather than at short-term memory and response; (3) eye
movement does not affect performance; and (4) spatial separation between two
objects does not affect performance. Selectivity is used in visual search to screen
out unwanted stimuli. For a simple search, the operator may screen out some
simple attributes such as colour and size difference. For a more complete search,
he/she screens out objects with similar specifications. Therefore, visual search is
much easier if it is possible to determinate between objects. According to Itti et
al., attributes that can quickly gain the operator’s attention are colour, intensity
(brightness), and orientation [50]. Other attributes that affect the operator’s at-
tention include size, spatial position, shape, and movement. Highlighting targets
with these attributes allows the operator to detect the desired targets more easily.
Simplified interface design should be used to reduce information overload and to
keep important information in the primary working area [49, 51]. The primary
working area is the main working area of the interface, and is typically located
at the centre. In this area, the operator is able to control each function and read
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important information without adjusting body position. Visual search becomes
more difficult with information overload, as an increasing number of non-targets
substantially increases the time taken to locate the target [52]. Dividing attention
has been proven to cause IB, as information out of the primary working area is
easily ignored when the operator is focusing on current work in the primary
working area [20].
Enhancing SA Level 2
The methods used to enhance SA Level 2 during system design include: (i)
integrating information, and (ii) providing the operator with familiar items and
structure.
SA Level 2 Error can be reduced by combining input data from various sources
and integrating them into complete and understandable information [39]. There
can be a large amount of raw data from various sensors, and it is difficult for an
operator to understand this information or to analyse it in a short period. Even
if the input data has been integrated, the operator will still have a large workload
in analysing the data when a large amount of data is provided at the same time.
Larger workload has been emphasised as an important factor in reducing SA,
as shown in Figure 2.4 [53, 54]. For this reason, Integrating Information is an
automation method that has been studied in much research [32, 55].
Familiar items and structure can reduce the time and workload the operator needs
to comprehend the information provided. The operator searches for the mean-
ing of the item through his/her existing knowledge developed through previous
experience. It can be seen, therefore, that familiar items and structure relate to
the operator’s anticipation process [56], which is built by this previous experi-
ence. When facing with a complex and uncertain scenario, an operator who has
been trained for the system achieves better Level 2 SA when compared with an
30 2.4 Situation Awareness
operator who has not been trained [57].
Enhancing SA Level 3
A system that is designed with decision support can enhance an operator’s SA
Level 3, which provides an accurate projection of the near future before a deci-
sion is made. Specifically, the system can provide decision support such as (1)
multiple decision suggestions and (2) a correct projection of the future according
to the decision. When the system design can embed computational intelligence
to provide the operator with a number of decision options, the operator must still
be able to make a decision that is not included in these options. The system also
provides a future projection according to the decision the operator either selects
or makes. The operator can then refine the decision by comparing the various
future projections.
2.4.1 Situation Awareness Global Analysis Technique
Situation Awareness Global Analysis Technique (SAGAT) was developed by End-
sley for measuring an operator’s SA in dynamic systems [26]. SAGAT has been
applied in many domains such as air traffic control, pilot operation, and nuclear
power operation. SA can be measured by various methods. One of the most
common methods aims to measure SA by using physical equipment to detect the
operator’s physiological responses such as eye movement, skin temperature, and
heartbeat frequency. However, these methods require particular equipment and
cannot measure higher level SA [7]. Also, some other methods that measure per-
formance cannot be applied to the measurement of SA, because the stage of SA
occurs earlier than the stage of performance. Poor performance can occur due
to a leak of information, information misunderstanding, inaccurate projection of
the near future, heavy workload, and performance errors [58]. However, these
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SA errors cannot be measured by the methods that measure performance since
these SA stages occur earlier. SAGAT, on the other hands, can be applied to any
system to test the operator’s SA by asking relevant operational questions.
The conditions required for the use of SAGAT are [26]: (1) a quiet environment,
(2) an introductory explanation of the conduct of the experiment, (3) a sample
trial performance before the formal trial, (4) the inclusion of random intervals
between Freeze Periods, (5) an initial three minutes without question, and (6)
encouraging the operator to guess the answer, and only withdrawing the question
when it is clear that they cannot do so.
A quiet environment is required to ensure the operator cannot be interrupted or
distracted by any external stimuli. An introduction explains how to conduct the
experiment and answer the SA questions. The operator should understand and
become familiar with the operation to avoid confronting any surprise condition.
Any surprised condition or unfamiliar operation that would lead to inaccurate SA
measurement. SAGAT therefore provides the operators with a sample trial before
the formal trial to familiarise them with the testing interface. Both sample and
formal trials stop the operation at random intervals, known as ’Freeze Periods’,
and ask the operator a number of questions in order to test their SA. Once
the operator finishes the questions, the trials will continue and stop at another
random time to ask another set of questions. This procedure is repeated until all
questions are asked to complete the trials. The operator requires three minutes
to build up their SA for interface operation. Questions at random intervals are
necessary as SAGAT is designed to measure the operator’s SA in normal operating
conditions; if the operator expects a question is imminent, this will improve their
concentration. The operator is encouraged to guess the answer to questions if
he/she is uncertain of the correct answer. Logical guessing allows the operator
to deduce the most plausible answer based on prior knowledge and experience
32 2.4 Situation Awareness
gained through operating the interface. Furthermore, prior studies have proved
that guessing has no negative impact on the measurement of operator SA [8].
2.4.2 Goal-Direct Task Analysis
Table 2.3: GDTA Analysis Order
Goal
Sub-Goals
Decisions
SA Level 3 Questions (Projection)
SA Level 2 Questions (Comprehension)
SA Level 1 Questions (Data)
The questions asked in the SAGAT method are designed by using a cognitive
task analysis known as Goal-Directed Task Analysis (GDTA) [59]. GDTA was
developed by Endsley to provide a critical and logical method of designing and
analysing SA questions in a dynamic system [8]. GDTA analyses SA questions
through an order of main goal, sub-goals, decisions, SA Level 3 questions, SA
Level 2 questions, and SA Level 1 questions as shown in Appendix E. The main
goal of each particular operational system is identified, along with the sub-goals
that are required to achieve the main goal. Decisions associated with each sub-
goal are defined. The SA requirements for making the decisions and completing
the sub-goals are then developed. These requirements include seeing the data
(SA Level 1), understanding the information (SA Level 2), and applying this
understanding to project the near future (SA Level 3). The designer who is ap-
plying GDTA should fully understand the detailed manipulation of the operation
system before applying GDTA to analyse the SA questions. An example of the
output of the GDTA procedure for en-route air traffic control is shown in Figure
2.5, along with the associated SA requirement analysis.
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Figure 2.5: GDTA example [8]
2.5 Screen Size and Performance
Existing literature have identified that the screen size of the HMI have profound
impacts on the experience and performance of the user [13–17]. Meanwhile, [18,
19] have explored the benefits of utilising interactive devices such as portability,
distributed and centralised collaboration. However, there are very few studies
that jointly investigate the two topics; i.e. the impact on operator performance
where the HMI uses interactive devices of different screen size. In particular,
three key tasks, CD, ST, and IR, have been identified as the focal tasks that
affect operator SA, hence performance efficiency.
34 2.5 Screen Size and Performance
2.5.1 Interface Screen Size
Numerous studies have investigated the impact of screen or display size on user
performance of specific tasks, and general user experience and engagement. An
experiment on user performance between a desktop size display and a pocket size
displayed showed improved interface performance and utilisation on the small
screen device, but worse overall awareness of the interface [13]. Authors in [15,
16] investigated user performance and experience between a large projection/TV
display and standard desktop monitor and showed that larger display improves
spatial orientation related tasks and greater engagement and emotional arousal.
[14] compared a single monitor set-up against a tiled, nine monitor configuration
and showed similar results. [17] explored the concept of transformation volatility
on user experience where the same content is transformed between displays of
different sizes, and emphasised the important of reducing such volatility. These
studies have focused on traditional displays that only project an image, such as
TV and monitors; input to the system is performed through a separate device
such as game controller. On the other hand, modern touch screen devices allow
user interaction directly on the screen, and warrants specific investigation.
In recent years, interactive devices such as Personal Digital Assistance (PDA), ve-
hicle navigation system, smart phones, interactive tablets, and interactive tables
have gained significant technical advancement and popularity. Many studies have
consequently proposed the benefits of utilising these devices to increase efficiency
in working and learning [18, 19, 42, 43]. Interactive tablets and laptops provide
the portability and mobility required for users to communicate and collaborate
from diverse and remote areas [18]. The authors proposes a framework creat-
ing a ubiquitous environment utilisation various intuitive interfaces such as fixed
displays and portable interactive devices of various sizes. [19] documented their
experiment outcome of utilising tablet PCs and mobile robots to focus and en-
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hance opportunities to build collaboration and team skills. Authors in [42, 43] had
experimented with multi-user, multi-interface environment and allowed flexible
visualisation, problem solving space and collaboration between local and remote
users. Both studies utilised a multi-touch, multi-user tabletop as the central col-
laboration device, projection onto large screen display and ad-hoc connection to
laptops and portable devices. Diverse devices all have different size, thus it is
necessary to consider the impact on the operator’s SA and user’s performance.
2.5.2 Three Focal Tasks of Human Performance
Many factors affect a person’s ability to perceive and gain awareness of his/her
environment. Three focal tasks in particular have been identified relating to
visual perception and SA that affects operator performance. The performance of
action are: change detection (CD), search target (ST), and information reading
(IR).
Change Detection
CD defines the ability to identify a difference in the current environment from
the past [20, 44, 45]. CD has been a research focus across multiple fields such
as HMI and road safety to improve user awareness and identify hazards [44, 45].
Change blindness and inattention blindness are two causes to fail from detecting
changes and relates to focus or attention of the user; too much attention on a
particular area, or a lack of focus [20].
Search Target
ST is the ability to identify a specific element (the target) coexisting in a field
occupied by irrelevant elements (the non-targets) [21]. Two cognitive models
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were examined on the performance and efficiency of the ST task: the bottom-
up, stimulus-driven model and the top-down, goal-directed model [21, 46]. The
stimulus-driven model shows that observers are better at capturing stimuli that
stand out from the background, and properties such as colour, shape, movement,
etc. are good differentiators. The goal-directed model shows that the expectation
and goals of the observer determine his/her attention hence ability to successfully
search and identify targets.
Information Reading
IR is the ability to read and understand information, including text and image.
This task is more complex than the previous two, as it requires the observer to
actively interpret the visual stimulus. [47] describes a model where the task of the
information reading transition between attention-focused (active) and automatic
(passive). With suitable cues and preparation, it is possible to automate the
complex processing task without much active attention. The ability to divert
attention between multiple focal areas is extremely important when perceiving
complex environments.
2.6 Tools: DiamondTouch and iPad
To evaluate how screen size affects operator SA, the experiment required two
implementation tools, the DiamondTouch interactive table (Model DT107) and
the iPad interactive tablet (First Generation). The DT107 was manufactured
by Circle Twelve, Inc., and the iPad was manufactured by Apple Inc. ARCAA
purchased both devices in 2010. The DT107 screen dimension is 86 cm × 65 cm
(47 inches diagonal), and the device dimension is 99 cm × 77 cm × 6 cm [4].
The iPad screen dimension is 14.8 cm × 19.7 cm (9.7 inches diagonal), and the
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device dimension is 24.3 cm × 19 cm × 1.3 cm. The aspect ratio for both the
DT107 and iPad is approximately 4:3. The development environment for iPad
and DT107 is Xcode. The operational system for DT107 is MacOS system, and
the operational system for iPad is iOS system. Both the iPad and DT107 were
set up to a screen size of 1024 × 768 pixels. The same resolution was used on
both devices because of technical characteristics of each device (both the DT107
and the iPad has fixed resolution).
2.7 Summary
In summary, this chapter provided background on, and a literature review of the
SAR mission structure, human-machine interface design and interaction, situa-
tion awareness, automation development, and the specifications of the devices
used in the experiment. The impact of the use of different screen size devices on
the human performance was revealed as an important topic for consideration in
human-machine interaction. Three performances are identified: Change Detec-
tion (CD), Search Target (ST), and Information Reading (IR). According to the
literature, SA is an important factor affecting the performance. This research
aims to evaluate the operator SA on two different screen size devices: a large
screen size device, DiamondTouch (DT107), and a small screen size device, iPad.

Chapter 3
Methodology and Experiment
Design
This chapter describes the methodology used in the experiment, including an ex-
planation of how the experiment was designed, how the simulator was designed,
and the scenario used to test operator situation awareness (SA). The data col-
lected during the experiment is analysed and discussed in Chapter 4.
After reviewing the relevant literature, it was decided to apply the Situation
Awareness Global Analysis (SAGAT) method to evaluate the operators SA. As
the experiment required human operators, it was necessary designed using the
SAGAT and the scenario was based on a SAR mission. The Interactive Operation
Situation Awareness Testing Simulator (IOSATS) was developed especially for
this experiment. The SA questions were designed according to the Goal-Direct
Test Analysis (GDTA). Figure 3.1 explains the various steps to implement the
experiment.
The User Documents and the Background Survey were created after the IOSATS
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1. Design the SAR mission scenario
2. Design the SA quesons by GDTA2. Design the IOSATS
3. Create User Document and Background Survey
4. Apply for ethics approval
5. Recruit the volunteers
6. Conduct the experiment
7. Collect and analyse the data 
8. Draw conclusions
Figure 3.1: Methodology flowchart.
structure was defined. As the experiment required human operators, it was nec-
essary to seek ethical approval from the QUT Ethics Committee. The volunteers
were ARCAA staffs and students, QUT students, and the author’s friends and
family.
Section 3.1 describes the aim of the experiment. Section 3.2 describes the exper-
imental scenario, procedure, interface design, ethical requirements, and outcome.
Section 3.3 describes how SAGAT was applied to the experiment.
It is appropriate at this point to define two key terms frequently used in this and
following chapters: ’Freeze Period’ and ’SAGAT Model’.
Freeze Period : During the experiment, the simulator stops at random time inter-
vals to ask a number of SA questions.
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SAGAT Model : Blocking information is required when using statistical analysis,
and the order in which SA questions are asked also has to be controlled. The
performance of three actions leads to six different order combinations of SA ques-
tions. This model includes seven different models (six combinations, and one
sample trial model).
3.1 Experimental Aim
The aim of the experiment was to evaluate the change in operator SA when using
two different screen size interactive devices, the iPad and the DiamondTouch in-
teractive table (DT107). The aim of this experiment is to provide guidance for the
design of future interfaces that require communication between large and small
screen size devices to enhance operational safety and efficiency. This experiment
involved the development of the Interactive Operational Situation Awareness Test
Simulator (IOSATS).
3.2 Experimental Design
The framework for the IOSATS was created following the design methodology
outlined in Section 2.2.1. This framework contained control elements and en-
sured the operators were not distracted from the actual SA test. In order to
test the operators’ SA under imperfect conditions, flaws that violate the design
methodology were deliberately embedded into the IOSATS.
The following scenario is a hypothetical SAR mission in Queensland.
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3.2.1 Experimental Scenario
There were ten (10) people lost in a field in Charters Towers, (Queensland, Aus-
tralia). Their condition and situation are unknown. RCC has launched a SAR
mission with a base located at Charters Towers Airport. The search assets include
three (3) Unmanned Aerial Vehicles (UAVs), and five (5) Unmanned Ground Ve-
hicles (UGVs). Rescue assets include one (1) rescue helicopter, and two (2) am-
bulances. (These numbers were decided during the preliminary interface design
and testing to balance the complexity of the tasks. Factors that were considered
include interface size, terrain, unit limitation, and attention span.)
Bad weather and a damaged bridge across a long river are impacting the SAR
mission: a large rain storm in the area means that the UAVs and rescue helicopter
are unable to move in when they meet it, and the UGVs and ambulances are
unable to cross the river due to the damaged bridge.
Operators are assigned as the SMC and need to direct the SAR mission and
manage where the assets should go within a 15 minute time-frame.
3.2.2 Experimental Procedure
Order Procedure Time Spent (minutes)
1 Introduction 6
2 Background Survey 4
3 Sample Trial(s) for iPad/DT107 Approximately 10
4 Formal Trial for iPad/DT107 15
5 Sample Trial(s) for DT107/iPad Approximately 10
6 Formal Trial for DT107/iPad 15
Table 3.1: Experiment procedure
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The experimental procedure included six stages. Stage 1 include an introduction
which explained the User Document and described the experiment’s operation,
interface items, and SAGAT questions. The introductory statement was based
on the User Document (See Appendix B). Stage 2 consisted of a Background
Survey, which included questions on participants’ gender, native language, age,
educational background, gaming experience, time spent on gaming, experience
with multi-touch devices, and time spent on using multi-touch devices (This
survey is included in Appendix C). Stages 3 (Sample Trials for iPad/DT107) and
5 (Sample Trials for DT107/iPad) were undertaken before the operator began
the formal trial. The demonstrator had the responsibility of providing assistance
if the operator had any questions during these sample trials. The operator was
allowed to complete as many sample trials as they needed, to ensure that he/she
was familiar with the manipulation of the interface. Due to the requirement of
statistical blocking, half of the volunteers operated the iPad first, and the other
half operated the DT107 first. Stages 4 (Formal Trial for iPad/DT107) and 6
(Formal Trial for DT107/iPad) ran only once, and examined the operator’s SA.
These stages of the experimental procedure are outlined in Table 3.1.
3.2.3 Interface Elements
Figure 3.2 represents the elements used in the experiment: (1) Base, (2) Rain
Storm, (3) River, (4) Clock, (5) Operation Bar, (6) Information Bar, (7) Noti-
fication, (8) air search unit, (9) ground search unit, (10) air rescue unit, (11)
ground rescue unit, and (12) target.
SA questions related to both High Priority Elements and Low Priority Elements.
The former require the operators to have a strong focus on the task in hand
whereas, in the latter, this is not as critical. High Priority Elements include ele-
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Figure 3.2: Elements on the interface.
Notes: 1. Base, 2. Rain Storm, 3. River, 4. Clock, 5. Operation Bar, 6. Information Bar, 7.
Notification, 8. Air search unit, 9. Ground search units, 10. Air rescue unit, 11. Ground
rescue unit, 12. Target
ments that are both important and commonly used in SAR missions: (i) targets,
(ii) rescue units, (iii) Operation Bar, and (iv) Base. Low Priority Elements in-
clude: (i) search units, (ii) Rain Storm, (iii) Clock, and (iv) Notifications. Eight
search units (3 air search units and 5 ground search units) are sufficient to con-
duct the search tasks, whereas three rescue units (1 air rescue unit and 2 ground
rescue units) were insufficient. Furthermore, search units are able to search for
targets along their movement paths; rescue units, on the other hand, can only
rescue when they arrive at the destination. A rescue unit can only have one target
on board and it must return to Base before the next task is assigned. Therefore,
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sending the rescue units that have a target on board directly to the Base is an
important operation to ensure the mission always has a rescue unit when required
by the operator. The Rain Storm dynamically moves around the map and does
not cause any damage to the air units; therefore, the operators did not see the
Rain Storm as a High Priority Element. The SAR mission has fifteen (15) min-
utes and the time is enough for the operators, so Clock was not seen as a High
Priority Element. A Notification indicate the targets’ current status (’found’,
’rescued’, ’worse health’, and ’deceased’). The targets also indicate their current
status by changing their background colour. This means, that operators do not
need to monitoring the Notification.
Eight (8) characteristics were defined according to the SA questions: 1) M:
Movement, 2) C: Colour, 3) D: Appearance/Disappearance, 4) S: Shape, 5) T:
Text/Information, 6) P: Processing, 7) SR: Spatial Relocation and, 8) SC: Spatial
Correlation.
1. M: Movement
Movement asks the operator about the unit’s movement.
2. C: Colour
Colour asks the operator about the item’s colour or its background colour.
3. D: Appear/Disappear
Appear/Disappear checks whether the operator saw an item that only ap-
peared for a short period.
4. S: Shape
The operator is asked to distinguish items by their shape.
5. T: Text/Information
This question asks the operator about the item’s content that includes words
or images.
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6. P: Processing
Processing requires the operator to answer the question by analysing and
combining various data.
7. SR: Spatial Recall
Spatial Recall is presented in questions that ask the operator to recall the
item’s location.
8. SC: Spatial Correlation
Spatial Correlation questions ask the operator to define the correct items
from a number of items on the map according to their spatial locations.
The questions provide the locations of all items and the operators are asked
to tap the correct answers from these items.
3.2.4 Experimental Set-Up
The operator was assigned as a mission commander to control the search and
rescue units on a map of 1024 × 768 pixels. Thirty (30) volunteers were required
to control the experiment. Both the iPad and DT107 were fixed to the table to
ensure all operators maintained the same position during the experiment. During
the introductory stage, the demonstrator informed the operator to always keep
three (3) SAR units on the map in order to trigger SAGAT testing at random
times. The formal trial was terminated when either a) the fifteen-minute mission
time had elapsed, or b) all the missing targets were found and rescued. The
operator’s SA was measured by SAGAT, and the SA questions asked during the
experiment were designed by Goal-Direct Task Analysis (GDTA) (as explained
in Section 3.3.1). More information about how SAGAT was applied to this ex-
periment is discussed below in Section 3.3.2.
The experiment also measured the operator’s response time before the first formal
3.2 Experimental Design 47
trial. A red square (10×10 pixels) appeared at a random location on the screen,
and the IOSATS recorded the time elapsed between the square appearing and
the operator touching it. This test was repeated ten (10) times, and the averaged
duration calculated as the operator’s response time.
The demonstrator measured the operator’s visual angles for both iPad and DT107
operation when the formal trial was completed. This measurement was used to
evaluate the impact of visual angle on the operator’s SA. In their reports, the
demonstrator recorded the most commonly used finger, and all volunteers were
required to leave their finger impressions so that their finger-tip profiles could be
measured.
3.2.5 Ethical Clearance
The experiment was designed in consultation with, and approved by, the Queens-
land University of Technology (QUT) Ethics Committee (See Appendix D).
3.2.6 Experimental Participants’ Information
Twenty-eight (28) volunteers, eleven (11) females, and seventeen (17) males, all
aged between fifteen (15) and fifty-one (51) were recruited to act as operators
for the simulator, and were not provided with any financial incentive. Seventeen
(17) of the volunteers were QUT students, two (2) volunteers were the other uni-
versities and schools, six (6) volunteers were QUT staff, and two (2) volunteers
were from other work areas. More details of the operators’ background is pre-
sented in Appendix G. All volunteers undertook the procedure shown in Table
3.1. Fourteen (14) volunteers took part in the iPad formal trial first, and another
fourteen (14) volunteers took part in the DT107 formal trial first. The finger
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impressions of all volunteers were collected at the end of the experiment. Most
of the volunteers became familiar with the interface operation after one sample
trial practice.
3.3 Situation Awareness Global Assessment
Techniques (SAGAT) Design
3.3.1 Goal-Direct Task Analysis (GDTA) Application
Goal
Sub-goal
Decision
SA Level 3 Questions
SA Level 2 Questions
SA Level 1 Questions
Table 3.2: GDTA analysis order.
According to the SAGAT protocol, the SA questions were designed and analysed
by GDTA methodology. As shown in Table 3.2, GDTA is a method of break-
ing down the main goal into sub-goals, decisions, Level 3 SA questions, Level 2
SA questions, and Level 1 SA questions (The full description and development
of GDTA is included in Appendix E). Operator performance of three actions:
Change Detection (CD), Search Targets (ST), and Information Reading (IR) was
examined during the experiment. Three main goals, each related to operator
performance of a particular action, were developed. These goals were to:
1. Detect any information that appeared on the screen
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2. Search for a particular target/item
3. Read information (that is, i.e. words and, images) appropriately
A number of sub-goals under the three main goals were defined, as shown in
Appendix E. For example, the sub-goals under the main goal (1) were
1. Detect changes in the Rain Storm’s movement
2. Detect SAR units with low fuel level indicated by changes in the SAR units’
background colour
3. Detect the difference in health status of the targets as indicated by changes
in their background colour.
The decisions were made to achieve the sub-goals, and the Level 3 SA questions
were determined according to these sub-goals. Once these Level 3 SA questions
were created, the Level 2 and Level 1 questions were then developed (in that
order). For instance, the operator’s decision to detect the SAR units’ low fuel
level (sub-goal) was based on decision to avoid using units with low fuel levels
to run tasks; in turn, the Level 3 SA question tested whether the operator could
project the units that would return to the Base in the near future; the Level
2 SA question then determined whether the operator understood that the red
unit background colour indicated that the units had low fuel levels; and, finally,
the Level 1 SA question was designed to examine whether the operator detected
the units’ background colour change. Many of the SA questions were developed
by GDTA; however, only a number of questions were asked during the SAGAT
testing because of the time constraints of the experimental period.
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3.3.2 Applying Situation Awareness Global Analysis
Techniques (SAGAT)
The SAGAT applied in the experiment followed the SAGAT protocol outlined
in Chapter 2 (Section 2.4.1). The environment was a quiet laboratory room, as
shown in Figure 3.3. A quiet room is required to reduce the amount of environ-
mental stimulus which could distract the operator’s SA. For this reason, only one
operator could conduct the experiment at a time. No SA questions were asked
during the initial three minutes of the formal trial to provide enough time for the
operator to understand the mission and build his/her SA.
Figure 3.3: The environment for operating the DT107 (left) and the iPad (right).
Following the SAGAT protocol, the system stopped at random intervals (Freeze
Period) to ask a number of SA questions. All data gathered before the Freeze
Period was stored. Once the operator completed the SA questions, the system
countinued, and returned the interface to normal. The random interval between
each Freeze Period, 41 to 61 seconds, was dynamically selected by the IOSATS.
Eighteen (18) SA questions were asked during the experiment. Each Freeze Pe-
riod usually contained three or four SA questions depending on the IOSATS
selection; however, the final Freeze Period might only have one to three SA ques-
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tions depending on the number of questions remaining. A total of five or six
Freeze Periods occurred during each experiment. During the introduction to the
experiment, the demonstrator encouraged the operators to guess the answers to
the questions if they were unsure of them; however, the operators could refrain
from giving an answer if they wished.
3.4 Interactive Operation Situation Awareness
Testing Simulator (IOSATS)
3.4.1 Interface Design
Environmental limitations included: a) the air units remaining stationary and
hovering when in close proximity to the Rain Storm, and b) the ground units not
being able to cross water, thus having to stop when they were near the River. Air
search and rescue units have the advantage of wider area coverage and greater
speed than ground search and rescue units. The disadvantage, however, is that
there are fewer available air units than there are available ground units.
3.4.2 IOSATS Structure and Design
IOSAT consists of a series of interfaces (I), functions (F), and loops (L) as shown
in Figure 3.4. The demonstrator used a Setting Interface (I1) to set up the nec-
essary information, including user number and trial mode (Formal or Sample).
The Reaction Time Interface (I2) was designed prior to the formal trial to mea-
sure and collect the operator’s response time. The Initialisation Function (F1)
was used to initialise the mission. There were two threads, a main thread and a
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Figure 3.4: Interface development flowchart.
Notes: I represents Interface; F represents Function; L represents Loop.
second thread. The main thread ran the SAR scenario, and the second thread
ran the SAGAT questions. During the Main Interface (I3), the system built the
first layer including the Environmental Map, Base, Rain Storm, River, and Clock.
The other elements such as Operation Bar, Information Bar, Notifications, air
search and rescue units, ground search and rescue units, Path Planning, and tar-
gets were dynamically created in response to the operator’s behaviour. The Main
Loop (L1) included an timer to update the current locations of the dynamic mov-
ing elements. IOSAT automatically detected the current situation and prepared
relative SA questions for the next Freeze Period. The randomly selected SAGAT
Model was set up during the Reading Default Data Function (F2). A second
thread was created simultaneously when the system created the Main Interface
(I3). This second thread was an observer (SAGAT Observer) to check the criteria
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for SA questions that could be asked according to the current operation status.
The SAGAT Flag was set to YES if the criteria for three or four SA questions
were satisfied. The Main Loop (L1) checked the SAGAT Flag each time to see
whether the system was able to trigger the SAGAT Loop (L2). The IOSATS
finished when the clock had counted down to zero or when all SA questions were
asked and all missing targets were rescued. All data was stored in an .XML file
and either emailed to the demonstrator or saved into the hard disk directly. The
interfaces and functions are now described in detail.
I1: Setting Interface
A setting page was designed to allow the demonstrator to set up the user number
and to select the formal or sample trial. The user number was used to name the
data file during the stage of Data Saving. The operator could choose to conduct
the formal trial directly or do the sample trial first if he/she is unfamiliar with
interface manipulation. If the operator chose to conduct the formal trial, the
system will measure the operator’s reaction time before the formal trial start.
I2: Reaction Time Interface
The Reaction Time Interface was designed to measure the operator’s reaction
time. Ten small red rectangles appeared on the screen at random locations. Only
one rectangle appeared at a time, and the operator was asked to touch it. The
reaction time was the time that elapsed between the rectangle’s appearing on the
screen and the operator’s touch. Ten reaction times were recorded, and the data
was stored and saved during the Data Saving stage.
F1: Initialization Function
If a sample trial ran before the formal trial, the system needed to do an ini-
tialization before running a new trial. The memory that needed to be deleted
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included the Rain Storm path, target information, and all search and rescue unit
information. During this initialization stage, a SAGAT model was defined for the
experiment, and the model was randomly selected by the embedded computation.
F2: Reading Default Data Function
The Rain Storm dynamic moving path and the targets’ information were set by
default.
Figure 3.5: IOSATS Interface.
Notes: Items A. Base, B. River, C. Path Planning, D. Operation Bar, E. Information Bar, F.
Clock
I3: Main Interface
The elements in the main interface are shown in Figure 3.5 and include (1) En-
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Number Item Size in pixels Location
1 Environmental Map 1024 x 768 Fixed location
2 Base 25 x 25 Fixed location
3 Rain Storm 250 x 250 Dynamically moving
4 River width 20 Fixed location
5 Clock 90 x 40 Operator is able to move the Clock to any location
6 Operation Bar 244 x 240 Operator is able to move the Operation Bar to any
location
7 Information Bar 120 x 768 Appear and disappear every 10 seconds
8 Notifications 180 x 45 Appears for 3 seconds
9 Air Search Units 40 x 40 Operator designs the path
10 Air Rescue Units 20 x 20 Operator designs the path
11 Ground Search Units 30 x 30 Operator designs the path
12 Ground Rescue Units 20 x 20 Operator designs the path
13 Path Planning - -
14 Targets 30 x 30 Fixed location.redThe target will only appear once it
is found.The rescued targets will automatically dis-
appear from the interface.
Table 3.3: IOSATS element sizes and location specification.
vironmental Map, (2) Base, (3) Rain Storm, (4) River, (5) Clock, (6) Operation
Bar, (7) Information Bar, (8) Notifications, (9) air search and rescue units, (10)
ground search and rescue units, (11) Path Planning, and (12) targets. Detailed
information about the size and pixels can be found in Table 3.3.
Item 1. Environmental Map
The Environmental Map was obtained from nearmap.com [downloaded on
11/Nov/2010]. This experiment required a 1024 x 768 pixel map.
Item 2. Base
The Base location was Charters Towers Airport, Queensland, Australia.
All the search and rescue units started from the Base and automatically
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returned to it when they had low fuel levels, or when the operator manually
directed the units to return to Base.
Item 3. Rain Storm
The Rain Storm moved dynamically around the Environmental Map. All
air units remained stationary and hovered when they were in close proximity
to the Rain Storm.
Item 4. River
The River was located on the left hand side of the Environmental Map and
separated the map into two regions. The ground units were unable to cross
the River and automatically stopped when they were near it. The air units
could cross the River.
Item 5. Clock
The Clock had its own timer to count down from fifteen minutes to zero
and the colour of the number in the clock changed from black to red when
there were only three minutes remaining for the experiment.
Item 6. Operation Bar
The Operation Bar was activated or deactivated when the screen detected
three simultaneous finger taps. Both the “Rescue” and “Search” buttons
had an “Air” button to call out air units and a “Ground” button to call
out ground units. The numbers under these buttons indicated the total
number of units remaining at the Base. The “Info” button triggered the
Information Bar.
Item 7. Information Bar
The Information Bar had two sections: the targets’ information and the
units’ information. The upper section of the Information Bar presented
the targets’ information, including their name, health status, and current
status (’lost’, ’found’, ’worse health’, ’deceased’, and ’rescued’). The lower
3.4 Interactive Operation Situation Awareness Testing Simulator
(IOSATS) 57
section indicated the total number of each type of unit still left at the Base.
The Information Bar routinely and automatically appeared and disappeared
every ten seconds.
Item 8. Notifications
The Notification appeared only once and disappeared after three seconds.
Items 9.-12. Search and rescue units
The search units continued to search for missing targets while in motion.
The rescue units required five seconds to conduct the rescue task when they
arrived at a destination. The air units, were twice as faster than the ground
units. The background colour changed to red when the fuel level was less
than 13%, at this point, the units would automatically return to Base.
Item 13. Path Planning
The system activated path planning only when the screen detected a one-
point-touch originating from a unit.
Item 14. Targets
The targets were at fixed locations. When the target was healthy, it’s
background colour was green. This turned to yellow when the health level
was less than 33%, and to red when the health level was 0%.
L1: Main Loop
Two types of functions were designed inside the Main Loop: the automatic pro-
cessing functions and the manual operating functions. The automatic processing
functions included: (1) Presenting Notifications, (2) Changing the units’ back-
ground colour, (3) Changing the found targets’ background colour, and (4) De-
signing the units’ return to Base path when their fuel was low. The animation
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function occurred every 0.3 seconds to draw the movement of the Rain Storm and
units, without affecting the manual operating functions. Manual operating func-
tions included: (1) calling out the units; (2) designing the unit’s moving path; (3)
calling out the Information Bar; (4) calling out the Operation Bar;, (5) moving
the Clock; and (6) zooming in and out, and panning the map.
At the end of each animation function, IOSAT checked the total number of SA
questions that were asked. If the number did not equal the total number of SA
questions (eighteen), the Main Loop then check the SAGAT flag to determine
whether the SAGAT Loop was able to run. IOSAT would stop the current oper-
ation and launch the SAGAT interface when all the SA questions were prepared.
1 2
3 4
Figure 3.6: Four SAGAT Question Presentation Types.
Notes: 1: Multiple Choice Questions; 2: Spatial Questions, 3: Location Questions, 4: Short
Answer Questions.
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L2: SAGAT Loop
Four presentation types of SAGAT questions were designed in the experiment,
as shown in Figure 3.6: (1) Multiple Choice, (2) Spatial, (3) Location, and (4)
Short Answer questions. In the Multiple Choice type, the operator chooses one
correct answer from multiple answers; in the Spatial type, the operator taps all
possible answers on the map; for the Location type, the operator taps a point to
indicate the current location of the element; and, in the Short Answer type, the
operator answers the question and enters a number. A Freeze Period typically
consisted of three to four questions. IOSAT accepted a no-answer submission
if the operator did not have the confidence to answer a question. When the
questions were submitted, IOSAT stored the answers in its memory and saved
the results in the Data Saving stage. IOSAT re-activated the Main Interface and
removed the SAGAT Interface after a set of SA questions were asked.
I4: Data Saving Interface
IOSATS allowed the following data to be saved: (1) the operator’s reaction time
and tapping coordination; (2) the number of units on the map; (3) the time that
the operator actively zoomed and panned functions; (4) the SA questions, the
correct answers, and the operator’s answers; (5) the time taken to trigger the
SAGAT Interface, and the number of SA questions for each Freeze Period; and
(6) the targets’ information (for example, name, age, blood level, and status).
The data was converted to an XML format and either saved to the hard disk or
manually emailed to the demonstrator.
SAGAT Observer
The SAGAT Observer was responsible for observing and recording operator ma-
nipulation, and for checking which SA question requirements was satisfied. Ac-
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cording to the SAGAT protocol (See Section 2.4.1), the system could not ask
questions during the initial three minutes of when the experiment. Once a Freeze
Period finished, there was a 41 to 61 second interval until the next Freeze Period
could be triggered. The SAGAT Observer checked whether the first three minutes
of system time had elapsed and then checked whether enough time has elapsed
to trigger the next SAGAT Interface. The SA questions were placed into a buffer
and the SAGAT flag was set to YES.
3.4.3 Driver Modifications for DT107
The DiamondTouch Interactive Table (DT107) did not have a comprehensive
driver for the MacOS system that included all the desired functions. Therefore,
the existing driver needed to be modified according to user requirements before
it could be applied to the MacOS system. The main modifications enabled the
DT107 to: (a) detect the number of simultaneous touches on the screen, (b)
detect the coordinates of the touch points, and (c) distinguish between a single
tap and double taps.
3.5 Summary
The chapter detailed the methodology and experiment design for the research.
The experiment was designed using the SAGAT method and the SA questions
were developed using GDTA. Twenty-eight (28) volunteers were recruited and
assigned as SAR mission commanders to operate three (3) air search units; five
(5) ground search units; one (1) air rescue unit; and two (2) ground rescue units.
The one hour experiment included an introduction, a background survey, sample
trial(s), and formal trials for the iPad and the DT107. IOSATS automatically
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detected the current operation to check whether the situation at the time satisfied
the SA question requirements, and to launch the SA questions.

Chapter 4
Data Analysis and Discussion
The Interactive Operation Situation Awareness Testing Simulator (IOSATS) au-
tomatically collected the operators’ answers and the correct answers from the SA
questions, and stored the questions and answers into an .XML file. The analysed
data was the error between the correct answers and the operators’ answers. In
addition, the operators’ background information was surveyed and collected both
during the introductory experimental stage.
This chapter provides the analysis of this data, the results of this analysis, and
a discussion of these results. The Data Analysis section has two subsections; the
first presents the analysis of SA error, and the second presents the analysis of
the background information. The Discussion section explains the result tables,
and discusses the results. This section also has two subsections: a discussion of
the results relating to SA, and a discussion of the results relating to background
information.
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4.1 Data Analysis
The SA errors collected during the experiment were the errors between the oper-
ators’ answers and the correct answers. This data was analysed using the Binary
T-test and the Numerical T-test. The background information included nine cat-
egories: (1) gender, (2) native language, (3) age, (4) educational background, (5)
gaming experience, (6) time spent on gaming, (7) experience with multi-touch
devices, (8) time spent on using multi-touch devices (smaller than the iPad, of
similar size to the iPad, and larger than the iPad), and (9) response time. With
the exception of data related to fender, which was analysed by using the Binary
T-test, all background information was analysed by using Linear Regression. Fig-
ure 4.1 outlines the analytical methods that were used for the different data sets.
Binary twotail analysis
H0: The two devices  have no signifi-
cant difference.
H1: The two devices  have significant 
difference.
Binary onetail analysis
H0
H0: The operator’s  SA on iPad is be"er 
than DT107.
H1: The operator’s  SA on DT107 is 
be"er than iPad.
Conclusion
END
H1
Twotail paired analysis
H0: The two devices  have no signifi-
cant difference.
H1: The two devices  have significant 
difference.
Numerical onetail analysis
H0
H0: The operator’s  SA on iPad is be"er 
than DT107.
H1: The operator’s  SA on DT107 is 
be"er than iPad.
Conclusion
END
H1
Binary Data Numerical Data
SA Errors Analysis
Background Informaon Analysis
Linear Regression
Figure 4.1: Statistical analyses of different data sets.
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4.1.1 Situation Awareness Analysis Using The Binary
Student T-test and The Numerical Student T-test
Raw data were stored as .xml files and transferred to .xlsx files. Results from
individual operators were combined for analysis according to SA questions. The
operator’s answers were compared with the correct answers to compute the op-
erator’s SA error. Four SAGAT Question Presentation Types were applied in
the experiment and led to four answer presentation types as shown in Figure 4.2.
Analysis of Type 1 questions consisted of binary results, because the operator’s
answers could only be correct (1) or incorrect (0). Type 2 questions were a mul-
tiple choice and the error was measured by the number of correct and incorrect
answers. For example ( as can be seen in Figure 4.2), if the correct answer for
Type 2 and 4 was Search Unit 1 and 3 and the operator’s answer was Search Unit
1 and Rescue Unit 2, the operator made a total of two errors (Search Unit 3 and
Rescue Unit 2). Type 3 questions asked the coordinates of an object and the error
was the distance between the operator’s input location and the centre location of
the object (floating point number). Type 4 were short answer questions in the
format of an integer number, and the error was the absolute difference between
the correct answer and the operator’s answer. Therefore the errors in answers
to Type 2 and Type 4 questions are integer numbers. An example of the error
analysis is presented in Figure 4.2 (Note that Type 2 and Type 4 questions have
the same error formation).
The experiment analysis assumed that overestimate and underestimate had the
same weighting for Type 2 and 4 answers, and each additional error had the same
additional weighting.
The error results were subsequently analysed using the Student T-test (Binary
and Numerical) statistical analysis method. As described in the previous chapter,
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Figure 4.2: Example of error results for Four SAGAT Question Presentation
Types.
the experiment required the operator to manipulate two different devices; hence,
the results are a paired observation taken from the two populations. Binary error
results and numerical error results have different computational procedures.
There is a great deal of mathematical software available which is capable of
analysing the experimental results; For example, Microsoft Excel and MATLAB.
This research applied Microsoft Excel which embeds a function to calculate Nu-
merical Student T-test for a two-tail paired analysis and a one-tail paired analysis.
Therefore, all the numerical errors in the experiment were computed by Microsoft
Excel, and the result are presented in Appendix F. The confidence levels used in
the analysis included 90%, 95%, and 99%. The SA error results and the reason
for analysing these results with three different levels of confidence are discussed
in the next section.
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4.1.2 Analysis of Background Information Using Linear
Regression
The survey taken before the experiment collected the operator’s background in-
formation. Section 4.1.1 explained the use of the Student’s T-test (Binary and
Numerical) method to analyse data that has only two variances. However, (with
the exception of gender, native language and gaming experience), this method
was not suitable for analysing the background information, as this information
needs to compare weather one variance affects the other variance.
Microsoft Excel also has an embedded function to calculate Linear Regression.
The results are presented in Appendix H, and the confidence level is 95 %
4.2 Discussion
Table 4.1 shows the final analysed results from the SA questions for the two
devices, and describes the characteristics of each question. The data was analysed
with three different significance levels (90%, 95%, 99%) to investigate the degree
of impact that screen size had on the various SA levels and action performances.
Eighteen (18) SA questions were asked for each device, with two SA questions
for each SA level. However, questions for ST/SA Level 3 were similar and their
answers were combined for analysis. Therefore, the actual number of questions
was seventeen (17). All errors were analysed using the two tail-paired analysis
followed by the one tail-paired analysis. If a question’s result showed that there
was significant difference in SA with the use of the two devices, then the analysis
moved to estimate which device enable better SA.
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SA questions for CD 1/2 and IR 2/1 had binary errors and were analysed using the
Binary Student T-test method, as described in Chapter 3. Binary Student T-test
begins with two-tail paired analysis, where the null hypothesis (B0) proved that
the proportion of correct answers for the iPad and DT107 were not significantly
different, and the alternative hypothesis (B1) proved that they were different.
If an alternative hypothesis is proved, the analysis is followed by the one-tailed
paired analysis to test which population proportion is greater. In the case of this
experiment, the null hypothesis proved that the population proportion of correct
answers on the iPad was less than the population proportion of correct answers
on the DT107, and the alternative hypothesis proved otherwise. For the two tail-
paired analysis, the null hypothesis (H0) proved that the mean error on the iPad
was the same as the mean error on the DT107, and the alternative hypothesis
(H1) proved that they were different.
The remaining SA questions were measured using numerical error and required
the Numerical Student T-test for their analysis. For the two tail-paired analysis,
the null hypothesis (H0) proved that the mean error on the iPad was the same
as the mean error on the DT107, and alternative hypothesis (H1) proved that
they were different. The null hypothesis of one-tail paired analysis proved that
the iPad’s mean error was less than the DT107’s mean error, and the alternative
hypothesis proved that the iPad had greater mean error than the DT107. The
same procedure was repeated for confidence levels 90%, 95% and 99%.
4.2.1 Discussion of SA Results
The results of the SA questions defined in Chapter 3 were analysed according to
their errors. A lower mean error for a particular device implied the operator had
better SA on that device. The performances of three actions (CD, S, IR) were
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examined in the experiment. Figure 4.2 summarises the results.
Table 4.2: Summary of the results for three conference levels
99% 95% 90%
CD Level 1 N N N
CD Level 2 N N N
CD Level 3 DT107 had better SA
on detecting movement
on High Priority Ele-
ments
DT107 had better SA
on detecting movement
on High Priority Ele-
ments
DT107 had better SA
on detecting movement
on High Priority Ele-
ments
ST Level 1 DT107 had better
Level 1 SA when the
operation related to
Low Priority Elements
DT107 had better
Level 1 SA when the
operation related to
Low Priority Elements
DT107 had better
Level 1 SA when the
operation related to
Low Priority Elements
N DT107 had better
Level 1 SA when the
operation related to
High Priority Elements
DT107 had better
Level 1 SA when the
operation related to
High Priority Elements
ST Level 2 N N DT107 had better
Level 2 SA when
the operation related
to the shape of an
element
ST Level 3 N N N
IR Level 1 N N DT107 had better
Level 1 SA when the
actions related to the
operation of High
Priority Elements
IR Level 2 N N N
IR Level 3 N N N
N = No Significant Difference
High Priority Elements:(1)targets, (2)rescue units, (3)Operation Bar, and (4) Base.
Low Priority Elements:(1)search units, (2)Rain Storm, (3)Clock, and (4) Pop-Up Notifications.
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C hange Detection (CD)
The CD result shows that CD/SA Level 1 and 2 on the two devices have no
significant differences. CD/SA Level 3, however, is significantly different on the
two devices, and the SA error occurring on the iPad operation is greater than
the error on the DT107 operation. The result shows that there is a 99% confi-
dence level, indicating that DT107 has better CD/SA Level 3 on projecting the
movement of High Priority Elements.
Search Targets (ST)
The two devices have significant differences for ST/SA Level 1. There is a 95%
confidence level indicating that the DT107 has better ST/SA Level 1 when the
operation relates to seeing High Priority Elements. Alternatively, there is a 99%
confidence level indicating that the DT107 has better ST/SA Level 1 when the
operation relates to seeing Low Priority Elements. There is a 90% confidence
level indicating that the DT107 has better ST/SA Level 2 when the operation
relates to recognising the shapes of an element. There is no significant difference
between the two devices on ST/SA Level 3.
I nformation Reading (IR)
There is a 90% confidence level in saying that the DT107 has better IR/SA Level 1
when the operations are related to seeing the information inside the High Priority
Elements. However, there are no significant differences when the confidence level
was moved up to 95% and 99%. There are no significant differences between the
two devices on IR/SA Levels 2 and 3.
SA results: When considering a 90% confidence level, the experiment results
showed that the operators achieved better SA on the large screen device com-
pared to the small screen device. These results are in line with existing studies
which show that larger viewing areas allow better identification of visual stimu-
lus. However, when the confidence level is raised to 95%, the large screen device
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is only marginally better than the small screen device. This suggests that while
the large screen can provide better performance, the improvement is not signifi-
cant. If the interface was designed to address SA deficiency through appropriate
automation, then operator performance will not be significantly impacted by the
screen size. In consideration of a SAR scenario, this implies remote personnel can
effectively collaborate with control centre personnel when using different devices.
4.2.2 Discussion of Results of Background Information
Table 4.3 and 4.4 show the results of the analysis of the background information.
As described in Chapter 3.2, all the operators were required to complete both
a background survey during the experiment’s introductory stage and a test to
measure their response time for each device at the beginning of the experiment.
Most of the operators had the same native language, gaming experience, and
time spent on using a multi-touch device larger than the iPad; thus, it was not
possible to conduct a statistical analysis for these categories. Gender was the only
category that had two factors (male and female); hence, it was analysed using the
Numerical Student T-test. The other categories needed to compare weather the
one variance affect the other variance, and they were analysed by using Linear
Regression.
Table 4.3 and 4.4 show that there is evidence to support the conclusion that the
iPad operation was affected by the following categories:
Gender
• Gender affects iPad operation that relates to understanding the colour
change on the elements (CD/SA Level 2).
• Gender affects iPad operation that relates to processing the information
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read in the past (IR/SA Level 3).
Age
• Age affects iPad operation that relates to processing the information read
in the past (IR/SA Level 3).
Gaming time per week
• Time spent by the operator on gaming per week has an impact on iPad
operation that processes information read in the past (IR/SA Level 3).
There is also evidence to show that the DT107’s operation was affected by the
following background information:
Age
• An operator’s age affects the DT107’s operation that relates to processing
the information read in the past (IR/SA Level 3).
Experience with multi-touch devices
• Experience with multi-touch devices affects the DT107’s operation that
relates to understanding a change in the element’s colour (CD/SA Level 2).
Response time
• An operator’s Response time affects the DT107’s operation that relates to
seeing the information (IR/SA Level 1).
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There is no significant evidence to prove that response time affects the SA an-
swers. However, the average response time for the iPad device is less than 19.6%,
compared with the average response time for the DT107. During the Response
Time test (as described in Chapter 3.4.2), the operator took more time to see the
red rectangle when using the DT107 than they did when using the iPad.
Background results: Only a few background categories have a significant impact
on the operators performance, such as gender, age, experience of using various
multi-touch devices on the iPad performance; and age, experience of using various
multi-touch devices, and response time on the DT107 performance.
4.3 Summary
In summary, this chapter explained and presented the procedures for the statis-
tical analysis of the data, using the Binary Student T-test, Numerical Student
T-test, and Linear Regression. CD1/2 and IR2/1 were the two SA questions
analysed by the Binary Student T-test. The other SA questions were analysed
using the Numerical Student T-test. Three confidence levels, 99%, 95%, and 90%
were applied to evaluate the level of each device’s impact on SA. The background
information collected during the experiment’s introductory stage was analysed
using Linear Regression, with the exception of the Gender category that was
analysed using the Numerical Student T-test.
The results show that:
1. With a 99% confidence level, the result indicates that (i) the operator has
better CD/SA Level 3 on iPad when projecting the movement of High
Priority Elements; and (ii) that the operator has better ST/SA Level 1 on
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DT107 when seeing Low Priority Elements.
2. With a 95% confidence level, the result indicates that the operations using
the iPad have better ST/SA Level 1 when the operation relates to seeing
High Priority Elements.
3. With a 90% confidence level, the result indicates that (i) the DT107 has
better ST/SA Level 2 when the operation relates to recognising the shapes
of an element; and (ii) that the DT107 has better IR/SA Level 1 when
the operation related to seeing the information inside the High Priority
Elements.
4. The background information affecting iPad operation includes the cate-
gories of (1) Gender, (2) Age, and (3) Time spent on gaming.
5. The background information affecting DT107 operation includes the cate-
gories of (1) Age, (2) Experience with multi-touch devices, and (3) Response
time.
6. The operator’s spent more time to see the red rectangle on the DT107 than
on the iPad.
Chapter 5
Conclusion and Recommendation
for Future Research
5.1 Research Summary
Using robots to replace humans to access dangerous areas and to process tasks
is common in some SAR missions. Therefore, improving HMI has become an
important topic in the SAR domain. This research applied a SAR mission scenario
to examine operator’s SA on two multi-touch devices with different screen sizes,
the iPad and the DT107. A review of the Australian SAR mission structure
was first undertaken to gain better understanding of its process. Subsequently, in
order to design and develop a reasonable scenario for this research, the Interactive
Operation Situation Awareness Test Simulator (IOSATS) was developed.
The literature review indicated that different screen sizes do affect operator per-
formance. To explore this notion, this research focused on the operator’s perfor-
mance of three actions on the different screen sizes: (1) Change Detection (CD),
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(2) Search Target (ST), and (3) Information Reading (IR). SA is one of the im-
portant factors affecting the performance of these actions. There are three levels
of SA, and each SA error can be reduced by different methods to improve the
HMI.
Twenty-eight (28) volunteers were recruited as operators and each was assigned
the role of SAR mission commander. The experiment applied SAGAT to examine
the operator’s SA. The experimental period was one hour and the procedure
included an introduction, a background survey, sample trials, and formal trials
for both the iPad and the DT107. The background survey asked a number of
questions about the operator’s background. In each formal trial, the operator had
fifteen (15) minutes to search and rescue ten (10) missing targets by controlling
a number of search and rescue units.
Two (2) SA questions tested the three SA levels. These questions were designed
using the GDTA method. During the experiment, a number of these questions
were asked during randomly occurring interface freezes.
The IOSATS was developed using Xcode. The IOSATS runs on the iPad in the
iOS system and on the DT107 in the MacOS system. IOSATS automatically
determines the correct answer for SA questions and saves the result for further
analysis. The elements in the IOSATS’s interface can be classified as High Priority
Elements and Low Priority Elements. The analysed data for SA comprises the
errors between the correct answers and the user answers.
The results of the experiment are grouped into two categories:
1. The results showed that the operator has better SA on large screen size de-
vice when the actions relate to: (1) detecting the movement of High Priority
Elements and use this information to project the further affect of mission,
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(2) searching Low Priority Elements, (3) recognising the elements by their
sharp, and (4) seeing the information inside the Low Priority Elements.
2. There are a number of factors from the operator’s background information
affect the three actions of performance, such as (1) gender, (2) age, (3) time
spent on gaming, (4) experience with multi-touch devices, and (5) response
time.
The results suggest that while the large screen can provide better SA, the im-
provement is not significant. If the interface was designed to address SA deficiency
through proper automation, then operator performance will not be significantly
impacted by the screen size. In consideration of a SAR scenario, this implies the
remote personnel can effectively collaborate with control centre personnel when
using different devices. On the other hand, only a few background categories have
a significant impact on the operators performance and the results are insufficient
to suggest whether a category perform better on a specific screen size.
5.2 Recommendations for Future Research
This research evaluated the differences in operator SA on two multi-touch devices
of different screen size. However, there are other scenarios and multi-touch devices
that can be applied to evaluate the operator SA. Thus, the recommendations for
future research include:
1. Applying different scenarios
This research applied a SAR mission as the experimental scenario. Other scenar-
ios that would require the operators to have high SA during a mission could be
applied to the same experiment, for instance, air traffic control and battlefield
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missions.
2. Using various multi-touch devices of various screen size
In this research, operator SA was tested on the iPad (9.7 inch diagonal) and the
DT107 (47 inch diagonal). However, there are many other multi-touch devices
with different screen sizes to which the research could be applied in future ex-
periments. For example, smartphones (4-5 inch diagonal), other tablet devices
(7-10 inch diagonal), notebook computers (13-15 inch diagonal), and interactive
monitors (21+ inch diagonal), to name but a few.
3. Impact of movement and shape on operator SA
According to the SA questions asked, there were eight characteristics defined
in this research: (1) Movement, (2) Colour, (3) Appearance/Disappearance, (4)
Shape, (5) Text/Information, (6) Processing, (7) Spatial Recall, and (8) Spatial
Correlation. There were significant difference in operations relating to movement
and shape on the two devices. One possible research direction, therefore, is an
analysis of why these two characteristics had such a significant impact on the
operators SA when using the two devices.
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User Document  
Title: 
Design of A Tablet Sized Human-Computer Interface and Its Effect on Situation Awareness 
1. Experiment Overview 
This research investigates how to design a human-computer interface that can improve the performance of the 
operators. This research starts by investigating the difference in operators’ situation awareness between two 
different screen devices. One is a large form factor screen, coffee table size, with a wide screen multi-touch interface, 
Diamond Touch DT107 (42 inches diagonal). The other is a small form factor screen with a tablet style multi-touch 
interface, iPad (9.7 inches diagonal).  
 
iPad 
 
 
 
 
DT107 
 Figure 1 
2. Simulator 
The interface program, Interface Operation and Situation Awareness Testing Simulator (IOSATS), is a simulator 
designed to test your situation awareness. 
3. Benefits at the experiment 
Further to the scientific benefits to the research community and the contribution this makes to the applicant’s 
higher degree project, there are no personal or monetary benefits for the applicant or supervision team. 
 
4. Ethic 
Experiment 1 has been designed in consultation with and approved by the QUT Ethics Committee. 
 
5. Your Role 
You are assigned to the responsibilities of a SAR mission commander. 
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 Search for missing people (targets) within the display area 
 Rescue targets 
6. Your Mission 
A mission has 10 missing targets in the map for search and rescue. You have 3 air search unit s(Air SU), 5 ground 
search units (Ground SU) for search tasks. 1 air rescue units (Air RU), 2 ground rescue units (Ground RU) to do rescue 
tasks. Only the missing targets who located in the search or rescue area are able to be found and rescued. You have 
20 minutes in which to achieve the mission goal.  During the mission, several groups of questions will present at 
random time to test your situation awareness (SA) at this point. You are required to always keep 3 units (Air Su, Air 
RU, Ground SU or Ground RU) on the map. Otherwise, the questions will not appear and the experiment will not be 
able to count your effort into the final result. 
 
Air Search Unit 
(Air SU) 
 
 
 A search Unmanned Aerial Vehicle (UAV). 
 Each Air SU has a number to represents its number of total search units (include Air SU 
and Ground SU.) 
 Each Air SU has a fuel bar at the button to represent the current fuel level. 
 
 
 
 The outer yellow boundary represents the available search area. Only the missing targets 
who are located in this area can be found. 
 
 
 
 
 Red background represents the Air SU has low fuel level and will return back to the Base 
automatically. 
 
Ground Search 
Unit 
(Ground SU) 
 
 
 A search Unmanned Ground Vehicle (UGV). 
 Each Ground SU has a number to represents its number of total search units (include Air 
SU and Ground SU.) 
 Each Ground SU has a fuel bar at the button to represent the current fuel level. 
 
 
 
 The outer yellow boundary represents the available search area. Only the missing targets 
who are located in this area can be found. 
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 Red background represents the Ground SU has low fuel level and will return back to the 
Base automatically. 
 
Air Rescue Unit 
(Air RU) 
 
 
 A manned helicopter capable of rescuing one person at a time.  
 Each Air RU has a number to represents its number of total rescue units (include Air RU 
and Ground RU.) 
 Each Air RU has a fuel bar at the button to represent the current fuel level. 
 Each Air RU has a time bar at the top to represent the time to finish rescue mission. The 
missing target will be rescued when the time off. However, if you guide the Air RU to a 
destination that has no missing target there, the Air RU will still spend time to do rescue 
mission. 
 
 
 
 The yellow boundary represents the available rescue area. Only the found target who is 
located in this area can be rescued. 
 
 
 
 
 Blue background represents the Air RU has rescued one target and it is not available to 
rescue other target. 
 
 
 
 Red background represents the Air RU has low fuel level and will return back to the Base 
automatically. 
 
Ground Rescue 
Unit 
(Ground RU) 
 
 
 A manned ambulance capable of rescuing one person at a time.  
 Each Ground RU has a number to represents its number of total rescue units (include Air 
RU and Ground RU.) 
 Each Ground RU has a fuel bar at the button to represent the current fuel level. 
 Each Ground RU has a time bar at the top to represent the time to finish rescue mission. 
The missing target will be rescued when the time off. However, if you guide the Ground 
RU to a destination that has no missing target there, the Ground RU will still spend time 
to do rescue mission. 
 
 
 
 The yellow boundary represents the available rescue area. Only the found target who is 
located in this area can be rescued. 
 
 
 
 
 Blue background represents the Ground RU has rescued one target and it is not available 
to rescue other target. 
 
 
 Red background represents the Ground RU has low fuel level and will return back to the 
Base automatically. 
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Target 
 
 
 A missing target must to be found by SU and rescue by RU. 
 Each target has a name. 
 Each target has a blood bar to represent the current health status.  
 
 Green background represents the target has good health status. (Blood level: 36 – 100% ) 
 
 
 
 Yellow background represents the target has worse health status and must be rescued as 
soon as possible. (Blood level: 0 – 35 %) 
 
 
 
 Red background represents the target is deceased, but you still have to retrieve the 
body. (Blood level: 0%) 
 
Base  
 
 All the search and rescue units come from the Base.  
 All the search and rescue units also return to the Base automatically when they have low 
fuel level. 
 You are able to send search and rescue units back to the Base at anytime. 
 
Rain Storm 
 
 The Rain Storm is dynamically moving around the mission area. 
 
7. Experiment Rules 
i. Air SU/RU is forced to stop if they are in close proximity to a Rain Storm. Once the Rain Storm is no longer a 
threat, the air SU/RU can continue with the assigned task. 
ii. Ground SU/RU can not move over the water. 
iii. An air SU/RU speed is higher than a ground SU/RU. 
iv. An air SU/RU fuel is also decrease quicker than a ground SU/RU. 
v. Each SU/RU (both air and ground) has limited fuel to use. Once the fuel is below 12%, the units will 
automatically return back to the Base.  
vi. Found targets have varied health status.  
vii. When the health bar reaches to zero, the found target deceased and you as the mission commander still 
have the responsibility of recovering and bringing the body back to the Base. 
viii. A RU must take 5 seconds to do rescue mission. The time bar is located at the top of the unit and only 
appearing when the unit arrive to the end of the path. 
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ix. When a RU has rescued one target, the unit will not be allowed to conduct any other rescue mission until 
they have taken the rescue target back to the Base. 
 
8. Functionality of the Operation Bar 
 
Figure 2: Operation Bar 
An operation bar has three functions: (1) Call out a SU; (2) Call out a RU; (3) Call out the Information Bar 
 
(1) Call out a SU: Tapping “Search” button, you are able to choose call out an air unit or a ground unit by tapping 
“Air” button or “Ground” button. If you do not want to call out any unit, just tap the “Search” button again 
to dismiss the “Air” and “Ground” buttons. 
i. “Air” button contains a number represents the number of air SU still remaining in the Base.  
ii. “Ground” button contains a number represents the number of ground SU still remaining in the Base.  
 
(2) Call out a RU: Tapping “Rescue” button, you are able to choose call out an air unit or a ground unit by 
tapping “Air” button or “Ground” button. If you do not want to call out any unit, just tap the “Rescue” 
button again to dismiss the “Air” and “Ground” buttons. 
i. “Air” button contains a number represents the number of air RU still remaining in the Base.  
ii. “Ground” button contains a number represents the number of ground RU still remaining in the Base.  
 
(3) Information Bar: The Information Bar has 10 seconds routine to appear and disappear.  Tap the “Info” 
button again to dismiss the Information Bar.  
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9. Path Representation 
 
Figure 3: Path Representation 
Yellow dot line represents the reachable destination according to current fuel level of a SU or a RU. 
Red dot line represents the unreachable destination according to current fuel level of a SU or a RU. 
 
However, air SU/RU ‘s fuel level will also decrease when they meet the Rain Storm and spiral on the air. The 
available path should be shorter then it actual presented. 
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10. Information Bar 
Figure 4: Information Bar 
The Information Bar has two sections, upper section and lower section. 
Upper section contains targets’ information: 
(1) The target name 
(2) The target’s blood level (%) 
(3) The target’s status  
i. Lost: The target has not been found by a search unit. 
ii. Found: The target has not been rescued by a rescue unit. 
iii. Worse: The target health status is worse. 
iv. Deceased: The target is deceased. 
v. Rescued: The target has been rescued by a rescue unit. 
Lower section contains SUs and RUs information: 
(1)    represents the number of air SU still remaining in the Base. 
(2)   represents the number of ground SU still remaining in the Base. 
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(3)    represents the number of air RU still remaining in the Base. 
(4)    represents the number of ground RU still remaining in the Base. 
 
11. Clock 
 
Figure 5: Clock 
This experiment has 20 minutes time off. The experiment will finish when the clock counts down to 0. You are able 
to move the clock to any location you want the clock to stay, but you are not able to dismiss the clock. 
12. SAGAT  Test Requirement 
You are required to always call out 3 SUs and RUs to active situation awareness test (SAGAT).  
 
13. Operational Environment 
The experiment will take place inside Room 1.20 ARCAA (see Appendix III– Experiment Location). 
The implementation tools are a 47-inche-diagonal multi-touch table, DT107, and a 9.7-inche-diagonal multi-touch 
device, iPad.  Both of these devices have gesture reorganizer functions as describe in Appendix II. 
 
14. Experiment 1 Duration 
There is no time limit for the practice sessions ( DT107 sample trial and iPad sample trial) of this experiment. The 
practice session is designed to let you feel confident on using two devices. If you have prior experience using multi-
touch devices, you will be able to finish the experiment in 1 hour.   
15. Experiment Procedure 
1. Introduction of experiment procedure, SAGAT procedure and simulator operations. 
2. Pre-Experiment Surveys 
3. DT107 Sample trial or iPad Sample trial – 1 sample trial 
4. DT107 formal trials or iPad formal trials– 1 formal trial 
5. iPad Sample trial or DT107 Sample trial – 1 sample trial 
6. iPad formal trials or DT107 formal trials– 1 formal trial 
16. More Information 
If you agree to be a volunteer of this experiment and still have any questions, please contact Molly Hsu for more 
information. 
 
Molly Hsu  
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Masters By Research Student 
Australian Research Centre for Aerospace Automation (ARCAA) 
Mob:+61 4 3119 5161 
Email: h5.hsu@student.qut.edu.au 
Location: ARCAA workshop near the multi-touch table 
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  User Document Appendix I: SAR Mission GUI
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User Document Appendix II: Experiment Location 
  
ROOM 1.20 
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User Document Appendix III –  
Gesture Recogniser Functions 
1. Long press (touch and hold) 
Before After  
  
 
3 fingers on/off 
which will present 
the Option Bar to 
the user 
 
 
2. Pinching in and out 
Before After (Zoom In)  
  
Using 2 fingers to 
pinch in/out to zoom 
in/out of the map. 
Before After (Zoom out)  
  
- 
3. Panning 
Before After  
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Using 1 finger to pan 
the map to the 
direction you want. 
4. Dragging 
Before After  
  
Using 1 finger to 
drag the path you 
want a SAR unit to 
move. 
5. Tapping 
Before After  
  
Using 1 finger to 
double tap to resize 
the map to original. 
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User Survey
 Background Survey 
User Number:_____________________      Date:___________________    SAGAT mode:___ 
Which device runs first? iPad_   DT107_  Time to finish the mission: _____  Half body height_____cm  
*Above to be completed by the Instructor. 
Demographics 
1) What is your gender? Male , Female 
2) Is English your first language? Y/N 
3) What is your age?  ___ 
4) Please provide 10 finger prints of the prefer of the dominant pointing figure similar 
to pressing a button on an interactive screen.    
Experience 
5) What is your educational background and/or experience? Electrical Engineering, 
Avionic Engineering, Business, IT, Science, other, please specify______ 
6) Do you have gaming experience? Y?N (if N, go to 8))  
 
*Gaming: the game you play with include: a. games on mobile phone, b. TV games 
(E.g. Wii, PS3), c. PC games, d. games on other hand-size devices (E.g. PSP, DCS)  
 
7) How many hours every week you spend on gaming last month? ___ hours 
8) Do you have experience operating multi-touch devices? Y?N (if N, go to 10)) 
9) What device you have experienced with? multi-touch mobile, multi-touch tablet, 
other multi-touch display______<please specify> 
10) How many hours/per day do you spend last month on using multi-touch devices with 
screen size is similar to an iPad?  <2, 2-4, 5-7, >7 
11) How many hours/per day do you spend last month on using multi-touch devices with 
screen size is smaller than an iPad’s (include iPad)? <2, 2-6, 7-11, >11 
12) How many hours/per day do you spend last month on multi-touch devices with 
screen size is bigger than an iPad’s? <2, 2-6, 7-11, >11 
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Choose “Display”, then under Printing Options tick “Print hidden text” 
For Mac users: 
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  YES V N/A Permission from organisations where you will be conducting the research (email or letter*) 
 
     
  YES V N/A Translator–Transcriber Confidentiality Agreement (if applicable) 
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  YES V N/A Participant Information Sheet for experimental procedures 
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 V YES  N/A Participant Information Sheet and Consent Form for questionnaire 
 
     
  YES V N/A Participant Information Sheet and Consent Form for interview / focus group 
 
     
  YES V N/A Participant Information Sheet and Consent Form – Image Release 
 
     
  YES V N/A Withdrawal of Consent Form (if written consent will be gained) 
Data Collection Tools – include (if applicable)... 
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---------------------------------------------------------------------------------------------------------------------------------------------- 
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D.2 Application for Review of Low Risk Re-
search Involving Human Participants
Page 1 of 3 
July 2011 
 
University Human Research Ethics Committee 
APPLICATION FOR REVIEW OF LOW RISK RESEARCH INVOLVING 
HUMAN PARTICIPANTS 
PLEASE NOTE:  If you do not see the red “hidden text” (which provides guidance to the questions): 
Click on the Office Button  (top left of the screen) then click on “Word Options” (bottom right) 
Choose “Display”, then under “Always show these formatting marks on the screen” tick “Hidden text” 
If you wish to view hidden text when you print the document: 
Click on the Office Button  (top left of the screen) then click on “Word Options” (bottom right) 
Choose “Display”, then under Printing Options tick “Print hidden text” 
For Mac users: 
Click “Preferences” on the Word menu, click “View”, and then select the “Hidden text” check box.  
Printing Options, click “Preferences” on the Word menu, click “Print”, and then select the “Hidden text” check box. 
APPLICATION SECTIONS:    A  Research Proposal Overview  |  B  Participant Overview  |  C  Data Management  |  D  Check List 
SECTION A:    RESEARCH PROPOSAL OVERVIEW 
 
A1   Summary Information Please provide an answer to each question in this section–N/A is not acceptable 
A1.1 Project Title  
 Design of Small Form Factor Human-Computer Interface and Its Effect on Situation Awareness 
A1.2 Brief summary of project in lay language  
 This research investigates how to design a human-computer interface that can improve the performance of the 
operators. This research starts by investigating the difference in operators’ situation awareness between two different 
screen devices. One is a large form factor screen, coffee table size,  with a wide screen multi-touch interface, Diamond 
Touch DT107 (42 inches diagonal). The other is a small form factor screen with a tablet style multi-touch interface, iPad 
(9.7 inches diagonal).  
 
Situational awareness (SA) is an important factor affecting human performance when conducting a given task. The 
definition of situation awareness is the perception of elements in the environment within a volume of time and space, 
the comprehension of their meaning, and the projection of their status in the near future.  
 
The experiment uses a software program simulating search and rescue mission command scenarios performed on a 
DT107 tabletop and an iPad with the same interface design. The participants are required to operate the experimental 
system as a mission commander.  The responsibility of each participant is to send search units to locate survivors and 
send rescue units to retrieve them. There are also environmental factors that the participants must consider before 
they send out the units. For example, air search/rescue units will stop their mission when they encounter inclement 
weather and the ground search/rescue units cannot cross water. During the missions, the system will randomly pause 
the exercise and present a number of multiple choice questions. The participants should answer them according to 
their best understanding reflecting their situational awareness of the mission at the time of pausing. The specific 
method employed is called the Situation Awareness Global Assessment Technique (SAGAT).   The questions and 
answers differ as the exercise progresses. Thirty (30) participants are sought and the results will be analysed 
automatically and confidentially for correctness.  
 
This research will investigate the change in participant situation awareness between the interactive devices and explore 
the key influences on their SA. Such influences may be a function of information display, operator interaction with the 
devices, or differences in the two different device technologies and form factor. These results will influence interface 
design for small and large form factor interactive devices for mission command related applications. 
A1.3 Participant summary  
 Participants are required to complete an one (1) hour experiment including answer ing questions that appear on the 
screen as part of the SAGAT process. Participants are allowed to withdraw from the experiment at any time and 
without any penalty. All the data will be safety stored in a secure location and only the applicant and facility 
management are allowed to access the data. Data will be depersonalised. 
A1.4 Lay summary of research merits  
 This research will inform technological development and interface design of portable field interactive devices (small 
tablet sized) and large interactive tabletop interactive devices for applications such as, but not limited to, Search and 
Rescue, Air Traffic Control and Unmanned Aerial Vehicle Operations. 
A1.5 Provide a brief justification for considering this a low risk application.  
 
This experiment will not produce any harm to participants’ physically or psychologically.  The experimental exercise is 
considered to be of the complexity and presentation of a “G” rated interactive computer game. Casualties in the search 
and rescue scenario are presented as coloured “stick-man” styled icons. There is no graphical depiction of injured or 
deceased bodies. 
 
A2   Potential Risks and Benefits Please provide an answer to each question in this section–N/A is not acceptable 
A2.1 Potential Risks — indicate if there are any potential risks associated with the project?  
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 1. The only foreseen risk is that associated with operating a tablet style computer, and sitting at a table operating the 
tabletop device in an office environment.  
2.  
A2.2 Managing the risk  
 1. QUT guidelines for desktop computing 
2. Covered shoes are required to prevent injury should the tablet be dropped. 
3. All experiment devices are unmodified and are physically configured and operated “out of the box”. 
4. Providing an experimental briefing and Health and Safety Induction at the beginning of the experiment. 
A2.3 Potential Benefits — indicate if there are any potential benefits associated with the project and who benefits?  
 Further to the scientific benefits to the research community and the contribution this makes to the applicant’s higher 
degree project, there are no personal or monetary benefits for the applicant or supervision team. 
A2.4 Balancing against the risks  
 When compared to the potential benefits, the risk is low and can be managed. 
 
A3   Other General Information Please provide an answer to each question in this section–N/A is not acceptable 
A3.1 Location of research – where the research will be conducted  
 V YES – QUT  NO – provide details:  
     
  
A3.2 Is the QUT Human Research Ethics Committee (UHREC) the primary or only ethics committee reviewing this 
proposal? If not, please provide details.  
 YES 
A3.3 Estimated timeframes for the project,  ie  DD  /  MM  /  YEAR 
Data collection cannot commence until you have received formal written approval. 
 START OF PROJECT 20/04/2010  START OF DATA COLLECTION  21/05/2012 
 END OF PROJECT 20/04/2012  END OF DATA COLLECTION  20/07/2012 
 
SECTION B:    PARTICIPANT OVERVIEW 
B1.1 Who will be approached to participate?     
 The participants are required to be over 18 years old and capable of operating multi-touch devices. Participants of the 
experiment are not limited to people with engineering backgrounds. However, due to the applicants is one of students 
in Australian Research Centre of Aerospace Automation, the recruitment email will be sent through the ARCAA business 
administrator, Ms Lyn Pearson. The participants will predominantly come from ARCAA. It is hoped that students from 
the broader QUT community can also be attracted. 
B1.2 Approximately how many participants will be approached? 
 30 people. 
B1.3 How will potential participants be identified and approached? 
 1. An email that includes the details of the experiment will be sent to recruit participants though ARCAA business 
administrator, Ms Lyn Pearson.  
2. The participants can contact the applicant by replying to the email with their name and contact details. 
3. The first 30 volunteers who are able to operate multi-touch devices will be accepted to participate in the 
experiment. 
B1.4 How will the participants provide their consent to participate?    . 
  The return of the completed questionnaire with acknowledgement of participation is accepted as an indication of agreeing to 
participate in the experiment. 
  
B1.5  YES V NO Will the study involve participants who are unable to give informed consent?  
      
 If YES, please include details.  
B1.6 Will the potential participants be screened?     
 NO. 
B1.7 Will participants be offered reimbursements, payments or incentives? Ensure details of any reimbursements, 
payments or incentives (e.g. gift voucher) are provided on the Participant Information Sheet.     
 NO. 
B1.8 Is there an existing relationship with participants?     
 NO. 
B1.9 Is it proposed to conduct a debriefing session at the end of the research (or at the end of each participant’s 
involvement)?     
 YES.  
B1.10 Will feedback, the outcome / results of this research be reported to participants?     
 YES. 
 
SECTION C:    DATA MANAGEMENT 
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C1   Future Use of Data 
C1.1  V YES  NO Is it likely / possible that any of the data collected will be used by yourself, or others for 
any research other than that outlined in this application? If yes, please describe below 
and ensure this is outlined in all the participant information sheets and consent forms 
generated under the clearance.     
 
    
 The future following projects may be use the data and all the access to the data will be controlled by ARCAA managers. 
 
C2   Procedures & Protection 
C2.1 What data collection procedures will be utilised?     
  V YES  NO QUESTIONNAIRE / SURVEY  YES V NO ARCHIVAL RECORDS 
           
   YES V NO INTERVIEWS  YES V NO OTHER INSTRUMENT 
       
   YES V NO FOCUS GROUPS If you have indicated OTHER INSTRUMENT provide details. 
       If there is insufficient space, please provide an additional document. 
       
C2.2  V YES  NO Have the data collection procedures been previously approved by QUT or are they an 
academic standard instrument?   
C2.3 Provide brief details on prior approval or where instruments have been used previously, e.g. under a similar context 
to this proposal. 
 Situation Awareness Global Assessment Technique (SAGAT) is an experiment protocol designed by Dr. Mica Endsley. 
SAGAT is to evaluate participates’ situation awareness by the method of questionnaire.  
C2.4 How will the data be recorded?     
   YES V NO Individually Identifiable     
      
   YES V NO Re-Identifiable or Potentially Re-Identifiable     
      
  V YES  NO Non-Identifiable     
     
C2.5 Data Ownership     
 The data is owned by ARCAA (QUT) 
C2.6 Protecting Confidentiality     
 Data will be stored anonymously.  
C2.7 Data Sharing Arrangements (collaborative projects)     
 Any non-identifiable data will be shared with partners bound by collaboration agreements. 
  
C3   Storage & Security 
 
C3.1  V YES Records will be stored for the required period.  
    
The link to the QUT Retention and Disposal of Research Data (as outlined by Queensland State 
Archives) is:   http://www.tils.qut.edu.au/initiatives/researchsupport/datamanage/planning.jsp#70 
  
C3.2 HARD/PAPER COPIES... 
C3.2.1 
What is the location of storage (ie room and building location)? 
Australian Research Central for Aerospace 
Automation. (ARCAA) 
  
 
C3.2.2 
How will access to the stored data be controlled? 
Through applicant and ARCAA business 
management. 
  
 
C3.2.3 
Who will have access to the stored data? 
The applicant and ARCAA business 
management. 
   
C3.3 ELECTRONIC DATA...  
C3.3.1 Where is the location of storage and back-up (ie a secure computer/server)? ARCAA secure server. 
 
  
C3.3.2 
How will access to the stored data be controlled? 
Through defined username (applicant) and 
password. 
 
 
 
C3.3.3 Who will have access to the stored data? The applicant and ITS Service management. 
  
C3.4   YES  NO V N/A If applicable, has Faculty approval been provided for off-site storage? 
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D.3 Recruitment Email
 
Subject Title:  Invitation for volunteers for situational awareness research 
 
 
Dear colleagues 
 
My name is Molly Hsu from the School of Electrical Engineering and Computer Science and I am undertaking a 
Masters of Engineering. I am conducting research into comparing operator situational awareness on large and 
small multi-touch interactive devices. The experiment involves participants to play a search and rescue themed 
game on two sizes of multi-touch devices, an Apple iPad and a DiamondTouch interactive tabletop. 
 
If you’d like to help me in this study, I am looking for males and females who are over 18 years old and are able 
to use multi-touch devices, such as an Apple iPad, to complete the 60 minute experiment. 
 
Please view the attached recruitment flyer for further details on the study and how to participate. 
 
This study has been approved by the QUT Human Research Ethics Committee (approval number 1200000003). 
 
Many thanks for your consideration of this request. 
 
 
Hsiao-Ting Hsu (Molly) 
Masters of Engineering by Research 
School of Engineering Systems and Computer Science 
Queensland University of Technology 
Australian Research Centre for Aerospace Automation (ARCAA) 
22-24 Boronia Rd 
Eagle Farm  Q  4009. 
Mob:+61 431 195161 
Fax: +61 (0) 7 3138 4528 
Email: h5.hsu@student.qut.edu.au  
  
Website: www.arcaa.aero     
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PARTICIPATE IN RESEARCH 
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If you choose to participate, you will be provided with more detailed participant information, including who you can contact if you have any concerns. 
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Research Team Contacts 
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the time of the experiment. It should be noted that if you do agree to participate, you can withdraw from participation any time 
during the experiment without comment or penalty.  
Are there any benefits for me in taking part? 
Your participation is very much appreciated and your participation will make a significant contribution to the research into 
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This template provides the basic information to be provided to participants to assist in the process of achieving informed consent. 
DELETE THE RED INSTRUCTIONAL TEXT AND REPLACE/DELETE THE BLUE TEXT AS REQUIRED. 
 
PARTICIPANT INFORMATION FOR QUT RESEARCH PROJECT 
– Questionnaire / Survey – 
Design of Small Form Factor Human-Computer Interface and Its Effect 
on Situation Awareness QUT Ethics Approval Number 1200000003 
RESEARCH TEAM   
Principal Researcher: Hsiao-Ting Hsu (Molly), Master by Research student, QUT 
Associate Researcher: Associate Professor Duncan Campbell, PhD, QUT ; Dr Felipe Gonzalez, PhD, ARCAA 
DESCRIPTION 
This project is being undertaken as part of Masters of Engineering study for Hsiao-Ting Hsu (Molly).   
 
This research investigates how to design a human-computer interface that can improve the performance of the operators. This 
research starts by investigating the difference in operators’ situation awareness between two different screen devices. One is a 
large form factor screen, coffee table size,  with a wide screen multi-touch interface, Diamond Touch DT107 (42 inches diagonal). 
The other is a small form factor screen with a tablet style multi-touch interface, iPad (9.7 inches diagonal).  
 
Situational awareness (SA) is an important factor affecting human performance when conducting a given task. The definition of 
situation awareness is the perception of elements in the environment within a volume of time and space, the comprehension of 
their meaning, and the projection of their status in the near future.  
 
This research will investigate the change in participant situation awareness between the interactive devices and explore the key 
influences on their SA. Such influences may be a function of information display, operator interaction with the devices, or 
differences in the two different device technologies and form factor. These results will influence interface design for small and 
large form factor interactive devices for mission command related applications. 
 
 
 
 
PARTICIPATION 
This experiment uses a software program simulating search and rescue mission command scenarios performed on a DT107 
tabletop and an iPad with the same interface design. The participants are required to operate the experimental system as a 
mission commander.  The responsibility of each participant is to send search units to locate survivors and send rescue units to 
retrieve them. There are also environmental factors that the participants must consider before they send out the units. For 
example, air search/rescue units will stop their mission when they encounter inclement weather and the ground search/rescue 
units cannot cross water. During the missions, the system will randomly pause the exercise and present a number of multiple 
choice questions. The participants should answer them according to their best understanding reflecting their situational 
awareness of the mission at the time of pausing. The specific method employed is called the Situation Awareness Global 
Assessment Technique (SAGAT).   The questions and answers differ as the exercise progresses. Thirty (30) participants are sought 
and the results will be analysed automatically and confidentially for correctness.  
 
Participation in this project is entirely voluntary. Participants can withdraw from the experiment at any time without comment or 
penalty. Any identifiable information already obtained from participants will be destroyed. Decisions to participate, or not participate, 
will in no way impact upon your current or future relationship with QUT or with Australian Research Central for Aerospace Automation 
(ARCAA). 
 
Participation will involve completing a series of questions that are designed around the Situation Awareness Global Assessment 
Technique (SAGAT) methodology whislt undertaking a game style search and rescue themed scenario. The total exercise will take 
approximately 1 hour of your time. You will be asked a number of questions at a number of times throughout the search and 
rescue activity, such as the number of search and rescue units, where they are located, and where you should send these units.  
 
Participants do not have to complete any question(s) that they are uncomfortable answering. 
 
EXPECTED BENEFITS 
Further to the scientific benefits to the research community and the contribution this makes to the applicant’s higher 
degree project, there are no personal or monetary benefits for the applicant or supervision team. 
To compensate you for your contribution, should you choose to participate, the research team will provide free transport from GP 
campus to Australian Research Central for Aerospace Automation (ARCAA). 
 
This template provides the basic information to be provided to participants to assist in the process of achieving informed consent. 
DELETE THE RED INSTRUCTIONAL TEXT AND REPLACE/DELETE THE BLUE TEXT AS REQUIRED. 
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RISKS 
1. The only foreseen risk is that associated with operating a tablet style computer, and sitting at a table operating the tabletop 
device in an office environment.  
 
Risks will be managed by: 
1. Ensure the experiment devices are located to avoid drop hazards.  
2. QUT guidelines on desktop computing are adhered to. 
3. An induction of the ARCAA workplace.  
 
QUT provides for limited free counselling for research participants of QUT projects who may experience discomfort or distress as a 
result of their participation in the research.  Should you wish to access this service please contact the Clinic Receptionist of the 
QUT Psychology Clinic on 3138 0999.  Please indicate to the receptionist that you are a research participant. 
 
PRIVACY AND CONFIDENTIALITY 
This project does not found by any particular organisation. All the data collected in the experiment will only be used in the future 
following projects.  The project that applies to use the data will be considered carefully by ARCAA management. 
All comments and responses results will be treated confidentially.  
 
Please note that non-identifiable data collected in this project may be used as comparative data in future projects. 
 
CONSENT TO PARTICIPATE 
The return of the completed questionnaire is accepted as an indication of your consent to participate in this project. 
 
QUESTIONS / FURTHER INFORMATION ABOUT THE PROJECT 
If have any questions or require any further information about the project please contact one of the research team members below. 
Hsiao-Ting Hsu (Molly) Dr Duncan Campbell, Associate Supervisor 
School  of Engineering System  
Faculty of Built Environment and Engineering 
School of Engineering System  
Faculty of Built Environment and Engineering 
Phone   0431 195 161 Phone   07 3138 2179 
Email   h5.hsu@student.qut.edu.au Email   da.campbell@qut.edu.au 
 
Dr Felipe Gonzalez 
School  of Engineering System  
Faculty of Built Environment and Engineering 
Phone   07 3138 1469 
Email   felipe.gonzalez@ qut.edu.au 
CONCERNS / COMPLAINTS REGARDING THE CONDUCT OF THE PROJECT 
QUT is committed to research integrity and the ethical conduct of research projects.  However, if you do have any concerns or complaints 
about the ethical conduct of the project you may contact the QUT Research Ethics Unit on [+61 7] 3138 5123 or email 
ethicscontact@qut.edu.au. The QUT Research Ethics Unit is not connected with the research project and can facilitate a resolution to 
your concern in an impartial manner. 
Thank you for helping with this research project.  Please keep this sheet for your information. 
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Appendix E
Goal-Direct Task Analysis
(GDTA) Development for The
Experiment
1  
 
GDTA Development Procedure for 
Experimental Queries  
Following the SAGAT methodology the Experiment 1 Queries are divided to two steps: 1. Goal-
Directed Task Analysis (GDTA), 2. Queries Format 
1. Goal-Directed Task Analysis (GDTA) 
Goal 
1. Subgoal 
 Decision 
 Level3 
 Level2 
 Level1 
 
Change Detection (CD):  
 
Operators are able to detect any change that occurs at the current moment.  
 
The task goal is to detect any information appearing on the screen.  
Once the Operator sees the information appearing on the screen (Lv1), he/she is able to understand 
the change in the current stage interface when compared to the previous stage interface (Lv2), and 
is able to focus their attention (Lv3) and read the information on the information appearing on the 
screen (CD performance has finished, the operator starts Information Reading (IR) ).  
 
1. Detect shower moving change 
 Decide to remember the shower moving pattern. 
 I can project in the near future I need to consider the shower moving 
pattern when I am going to put orders. 
 I understand the shower is moving 
 I see the shower current location 
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2. Detect SAR units fuel is low by SAR units colour change 
 Decide to avoid using the unit to process the task. 
 I can project in the near future, the unit will return back to the base 
automatically. 
 I understand the green colour means the unit has low fuel. 
 I understand the unit colour is different. 
 I see the unit’s colour  
 
3. Detect SAR units moving 
 Decide to avoid using the unit to process the task. 
 I would not put an order to this unit because it can not do other task than 
moving now. 
 I understand the unit is moving and has no time to do other task. 
 I see the unit’s current location  
 
4. Detect survivor health status change by survivor background colour change 
 Decide to rescue the survivor/Decide to change the rescue sequence. 
 If I do not rescue the survivor soon, the survivor will die/The survivor is 
death, the current rescue sequence is changed. 
 I understand the survivor’s background colour is changed 
 I understand the colour means the survivor is worse of health/death 
 I see the survivor background colour may be is different. 
 
5. Detect notification appear 
  Decide to read the information in the notification. 
 The information may be will give me more information about the task 
 I understand the notification is different with previous one 
 I understand the notification just show up 
 I see the notification 
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Search (S):  
 
Operators are able to find the target from several of objects. 
 
The task goal is searching for a particular target.  
The Operator sees object 1(Lv1), he/she is able to understand the object 1 is not the target (Lv2), 
and decides to move to object 2 (Lv3) -> see object 2 (Lv1),  ...... <a routine until the operator find 
the target > 
 
1. Search shower current location 
 Decide to avoid the shower/hail. 
 If I do not set up the other path, the air SU/RU will have sometime delay. 
 I understand the shower will be affected the path I am going to set 
to an air SU/RU. 
 I see the shower. 
 
2. Search ground or air RU is available to rescue a survivor 
 Decide to send this ground or air RU to do rescued task. 
 The RU can finish the task. 
 I understand the RU currently is not doing any task. 
 By combining other information, I understand the RU has not 
rescued any survivor yet. 
 By combining other information (location), I understand I should use 
ground RU/ air RU 
 By combining other information (distance, fuel), I understand I 
should send this particular RU. 
 I did not see the RU task bar 
 I see this is an air RU/ ground RU 
 
3. Search ground or air SU is available to do next search task 
 Decide to send this ground or air SU to do rescued task. 
 The SU can finish the task. 
 I understand the SU currently is not doing any task. 
 By combining other information (location), I understand I should use 
ground SU/ air SU 
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 By combining other information (distance, fuel), I understand I 
should send this particular SU. 
 I did not see the SU task bar 
 I see this is an air SU/ ground SU 
 
4. After Zoom in/out or pan, search for base current location according to the change. 
 Decide to send this ground or air SU to do rescued task. 
 The SU can finish the task. 
 By combining other information (By guess), I understand the base 
should be __ direction. 
 I see the base or I did not see the base, I need to guess the 
location of the base. 
By guess: 
 I see the path of the units that required to going back to the 
base 
 I see the river, base is on the right hand side of the river 
 I see the shower, base is on the down side of the shower 
 I see a particular survivor/unit, I remember the survivor/unit 
is near by the base. 
 
 
Information Reading (IR):  
 
Operators are able to read the information and respond according to the information. 
 
The task goal is reading information.  
The operator is able to see the information (Lv1), he/she understands the meaning of the 
information (Lv2), and he/she has correct response according to the given information (Lv3). 
 
1. Read SAR units fuel level 
 Decide to not send this SAR unit to do the task 
 If I give order to this SAR unit, it may be would not be able to finish the task.  
 I understand the fuel is less than 25% 
 I understand the distance is too far 
 I see fuel bar 
 
 If I give order to this SAR unit, it will be able to finish the task.  
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 I understand the fuel is more than 25% 
 I understand the distance is not too far 
 I see fuel bar 
 
2. Read survivors’ current blood status 
 Decide to rescue this survivor first. 
 If I am not save the survivor soon, he/she will die.  
 I understand the health status bar is less than 25%  
 I see health status bar 
 Decide to rescue this survivor second. 
 If I am not save the survivor now, he/she still can wait for a while.  
 I understand the health status bar is around 50%  
 I see health status bar 
 
 Decide to rescue this survivor third. 
 If I am not save the survivor now, he/she still can wait.  
 I understand the health status bar is more than 70%  
 I see health status bar 
 
3. Read survivors’ information, E.g. Name, Age 
 Decide to rescue this survivor first. 
 If I am not save the survivor soon, he/she will die.  
 I understand the health status bar is less than 25%  
 I understand the survivor age is 60-years-old and above and has the 
fast health status decreasing speed.  
 I see the survivor age. 
 
 Decide to rescue this survivor second. 
 If I am not save the survivor soon, he/she still can wait for a while.  
 I understand the health status bar is less than 25%  
 I understand the survivor age is 6-years-old and 15-years-old and 
has second fast health status decreasing speed. 
 I see the survivor age. 
 
 Decide to rescue this survivor third. 
 If I am not save the survivor soon, he/she still can wait.  
 I understand the health status bar is less than 25%  
 I understand the survivor age is between 15-years-old and 60-years-
old and has third fast health status decreasing speed. 
 I see the survivor age. 
 
 Decide to rescue Bill. 
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 If I am not save the survivor , I can not finish whole SAR mission.  
 I understand the name is the person that I am looking for (Need 
rescue soon).  
 I see the name. 
 
4. Read notification information 
 Decide to rescue Bill because Bill health status is worse./Decide to send the RU back 
to the base because the rescue unit has rescue a survivor and it is not able to rescue 
next survivor./Decide to order a rescue unit to rescue the survivor because we have 
found he/she./ Decide to rescue the survivor last because he/she is death. 
 I can combine this information with current knowledge and project what 
should I do in the near future.  
 I understand the information inside.  
 I see the notification poop-up. 
 
5. Read the current time on the clock 
 Decide to pay more attention to increase the operations speed. 
 If I am not increase my operation speed, the game  may time out. 
 I understand the time is closing to 15 minutes 
 I see the time on the clock 
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2. Queries Format 
 
Following the procedure above GDTA, we can develop SAGAT queries as follow 
 
Change Detection (CD):  
 
The task goal is to detect any information appearing on the screen.  
Hypothesis: Participant will detect less number of changes on an iPad when compared to a DT107. 
Level 1 iPad 1. How many ground unit(s) is/are currently moving? 
  2. What colour was the most recent pop-up notification window? 
 
 DT107 1. How many ground unit(s) is/are currently stop? 
  2. What colour was the most recent pop-up notification window? 
 
Level 2 iPad 1. How many rescue unit(s) has/have low fuel? 
  2. Tap the target(s) that has/have been rescued. 
 
 DT107 1. How many search unit(s) has/have low fuel? 
  2. Tap the target(s) that has/have been rescued. 
 
Level 3 iPad 1. Tap the unit(s) that is/are currently available to perform a task.(unit has 
enough fuel, unit has no missing target on board.) 
  2. Tap the target(s) who has/have a rescue unit dispatched to rescue them. 
(The rescue has enough fuel and has NOT rescue any missing target yet.) 
 
 DT107 1. Tap the search unit(s) that is/are currently available to perform a task(the 
unit does not have low fuel) 
  2. Tap the target(s) who has/have a rescue unit dispatched to rescue them. 
(The rescue has enough fuel and has NOT rescue any missing target yet.) 
 
Search (S):  
 
The task goal is searching for a particular target.  
Hypothesis: Participant will have worse performance on search operation on an iPad when 
compared to a DT107. 
Level 1 iPad 1. Indicate the current location of the rain shower. 
  2. Indicate the current location of the base. 
 
 DT107 1. Indicate the clock's current location. 
  2. Indicate the Option Bar's current location. 
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Level 2 iPad 1. Tap the rescue units has a missing target on board. 
  2. Tap the unit(s) that is/are ground search unit. 
 
 DT107 1. Tap the rescue unit(s) that has/have NOT rescued any target yet. 
  2. Tap the unit(s) that is/are air search unit. 
 
Level 3 iPad 1. Indicate __ 's current location. 
 DT107 1. Indicate __ 's current location. 
 
Information Reading (IR):  
 
The task goal is reading information.  
Hypothesis: Participant will have worse information reading on an iPad when compare to a DT107.  
Level 1 iPad 1. How many air search unit(s) is/are left in the base? 
  2. How many ground rescue unit(s) is/are left in the base? 
 
 DT107 1. How many ground search unit(s) is/are left in the base? 
  2. How many ground rescue unit(s) is/are left in the base? 
 
Level 2 iPad 1. What is the most recent notification is about? 
  2. How many search unit(s) has/have been sent out to the field? 
 
 DT107 1. A notification just indicate a target has been found. Who was it? 
  2. How many search unit(s) has/have been sent out to the field? 
 
Level 3 iPad 1. How much time is remaining of the mission?E.g. 02:51 
  2. How many missing target(s) has/have NOT been found yet? 
 
 DT107 1. How much time is remaining of the mission?E.g. 02:51 
  2. How many missing target(s) has/have NOT been found yet? 
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Appendix F
Situation Awareness (SA)
Analysis Results
CD1/1 two-tailed test
N iPad DT107 90% Variable 1 Variable 2 95% Variable 1 Variable 2 99% Variable 1 Variable 2
1 0 1 Mean 1.178571 1.285714 Mean 1.178571 1.285714 Mean 1.178571 1.285714
2 1 0 Variance 1.633598 1.174603 Variance 1.633598 1.174603 Variance 1.633598 1.174603
3 1 1 Observations 28 28 Observations 28 28 Observations 28 28
4 1 1 Pearson Correlation0.389601 Pearson Correlation0.389601 Pearson Correlation0.389601
5 0 1 Hypothesized Mean Difference0 Hypothesized Mean Difference0 Hypothesized Mean Difference0
6 1 1 df 27 df 27 df 27
7 0 1 t Stat -0.43119 t Stat -0.43119 t Stat -0.43119
8 2 1 P(T<=t) one-tail0.334878 P(T<=t) one-tail0.334878 P(T<=t) one-tail0.334878
9 0 0 t Critical one-tail1.313703 t Critical one-tail1.703288 t Critical one-tail2.47266
10 1 0 P(T<=t) two-tail0.669756 P(T<=t) two-tail0.669756 P(T<=t) two-tail0.669756
11 1 1 t Critical two-tail1.703288 t Critical two-tail2.051831 t Critical two-tail2.770683
12 0 1
13 1 0 Difference is NOT Significant Difference is NOT Significant Difference is NOT Significant
14 2 1
15 0 2
16 2 1
17 1 1
18 0 3
19 3 2
20 1 1
21 1 1
22 2 4
23 1 3
24 0 1
25 1 1
26 6 4
27 3 0
28 1 2
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CD1/2 two-tailed test
N(Binary) iPad DT107 iPad DT107
1 1 0 Correct 7 6
2 0 0 Wrong 18 19 Total Sample Size
3 0 0 Sample Size 25 25 50
4 0 0 P 0.28 0.24
5 0 1 |ad-bc| 25
6 0 0 n1(a+b) 325
7 1 1 n2(c+d) 925
8 1 0 X^2 0.10395
9 0 0
10 0 0
11 1 1 SeeTableA3 from Practical Engineering Statistics, degree of freedom = 1
12 0 1 Two-tailed test, X^2(0.05,1) = 3.841; X^2(0.1,1) = 2.706; X^2(0.01,1) = 6.635
13 0 0 Since X^2 <   X^2(0.05,1); X^2 < X^2(0.1,1); X^2 < X^2(0.01,1) => accept H0 
14 1 0 95% confidence to say NO Significant difference
15 1 0 90% confidence to say NO Significant difference
16 0 0 99% confidence to say NO Significant difference
17 1 0
18 0 0
19 0 0
20 0 0
21 0 0
22 0 0
23 0 1
24 1 0
25 0 1
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CD2/1 two-tailed test
N iPad DT107 90% Variable 1 Variable 2 95% Variable 1 Variable 2 99% Variable 1 Variable 2
1 0 0 Mean 1.625 1.208333 Mean 1.625 1.208333 Mean 1.625 1.208333
2 5 1 Variance 3.027174 2.172101 Variance 3.027174 2.172101 Variance 3.027174 2.172101
3 0 1 Observations 24 24 Observations 24 24 Observations 24 24
4 1 1 Pearson Correlation0.353948 Pearson Correlation0.353948 Pearson Correlation0.353948
5 3 2 Hypothesized Mean Difference0 Hypothesized Mean Difference0 Hypothesized Mean Difference0
6 1 3 df 23 df 23 df 23
7 2 2 t Stat 1.109623 t Stat 1.109623 t Stat 1.109623
8 3 0 P(T<=t) one-tail0.139314 P(T<=t) one-tail0.139314 P(T<=t) one-tail0.139314
9 0 1 t Critical one-tail1.31946 t Critical one-tail1.713872 t Critical one-tail2.499867
10 0 1 P(T<=t) two-tail0.278629 P(T<=t) two-tail0.278629 P(T<=t) two-tail0.278629
11 3 1 t Critical two-tail1.713872 t Critical two-tail2.068658 t Critical two-tail2.807336
12 1 1
13 0 1 Difference is NOT Significant Difference is NOT Significant Difference is NOT Significant
14 1 2
15 1 1
16 5 7
17 0 0
18 1 1
19 2 0
20 0 2
21 2 0
22 6 1
23 1 0
24 1 0
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CD2/2 two-tailed test
N iPad DT107 90% Variable 1 Variable 2 95% Variable 1 Variable 2 99% Variable 1 Variable 2
1 4 0 Mean 1.392857 1.035714 Mean 1.392857 1.035714 Mean 1.392857 1.035714
2 1 1 Variance 2.321429 1.665344 Variance 2.321429 1.665344 Variance 2.321429 1.665344
3 1 0 Observations 28 28 Observations 28 28 Observations 28 28
4 1 0 Pearson Correlation0.388172 Pearson Correlation0.388172 Pearson Correlation0.388172
5 4 3 Hypothesized Mean Difference0 Hypothesized Mean Difference0 Hypothesized Mean Difference0
6 5 2 df 27 df 27 df 27
7 0 1 t Stat 1.204829 t Stat 1.204829 t Stat 1.204829
8 2 2 P(T<=t) one-tail0.119362 P(T<=t) one-tail0.119362 P(T<=t) one-tail0.119362
9 0 0 t Critical one-tail1.313703 t Critical one-tail1.703288 t Critical one-tail2.47266
10 0 0 P(T<=t) two-tail0.238724 P(T<=t) two-tail0.238724 P(T<=t) two-tail0.238724
11 2 0 t Critical two-tail1.703288 t Critical two-tail2.051831 t Critical two-tail2.770683
12 1 0
13 2 1 Difference is NOT Significant Difference is NOT Significant Difference is NOT Significant
14 0 0
15 0 0
16 2 0
17 1 2
18 0 0
19 5 3
20 3 1
21 0 0
22 0 1
23 1 3
24 0 0
25 1 2
26 1 1
27 1 1
28 1 5
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CD3/1 two-tailed test
N iPad DT107 90% Variable 1 Variable 2 95% Variable 1 Variable 2 99% Variable 1
1 0 1 Mean 2.071429 1.571429 Mean 2.071429 1.571429 Mean 2.071429
2 2 1 Variance 2.365079 2.402116 Variance 2.365079 2.402116 Variance 2.365079
3 1 1 Observations 28 28 Observations 28 28 Observations 28
4 2 3 Pearson Correlation0.479482 Pearson Correlation0.479482 Pearson Correlation0.479482
5 3 2 Hypothesized Mean Difference0 Hypothesized Mean Difference0 Hypothesized Mean Difference0
6 2 0 df 27 df 27 df 27
7 2 2 t Stat 1.679552 t Stat 1.679552 t Stat 1.679552
8 2 2 P(T<=t) one-tail0.052291 P(T<=t) one-tail0.052291 P(T<=t) one-tail0.052291
9 2 0 t Critical one-tail1.313703 t Critical one-tail1.703288 t Critical one-tail2.47266
10 3 1 P(T<=t) two-tail0.104581 P(T<=t) two-tail0.104581 P(T<=t) two-tail0.104581
11 3 0 t Critical two-tail1.703288 t Critical two-tail2.051831 t Critical two-tail2.770683
12 1 2
13 2 1 Difference is NOT Significant Difference is NOT Significant Difference is NOT Significant
14 1 5
15 2 1
16 1 0
17 2 4
18 2 1
19 7 5
20 2 0
21 0 0
22 1 1
23 2 1
24 1 1
25 3 4
26 3 0
27 0 1
28 6 4
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CD3/2 two-tailed test on-tailed test
N iPad(X1) DT107(X2) 90% Variable 1 Variable 2 95% Variable 1 Variable 2 99% Variable 1 Variable 2 (X1-X1mean)^2 (X2-X2mean)^2
1 0 1 Mean 1.538462 0.538462 Mean 1.538462 0.538462 Mean 1.538462 0.538462 2.366863905 0.213017751
2 2 0 Variance 1.858462 0.418462 Variance 1.858462 0.418462 Variance 1.858462 0.418462 0.21 0.289940828
3 0 0 Observations 26 26 Observations 26 26 Observations 26 26 2.366863905 0.289940828
4 2 0 Pearson Correlation0.293083 Pearson Correlation0.293083 Pearson Correlation0.293083 0.21 0.289940828
5 2 1 Hypothesized Mean Difference0 Hypothesized Mean Difference0 Hypothesized Mean Difference0 0.213017751 0.213017751
6 1 1 df 25 df 25 df 25 0.29 0.213017751
7 2 0 t Stat 3.843531 t Stat 3.843531 t Stat 3.843531 0.213017751 0.289940828
8 2 0 P(T<=t) one-tail0.00037 P(T<=t) one-tail0.00037 P(T<=t) one-tail0.00037 0.21 0.289940828
9 2 1 t Critical one-tail1.316345 t Critical one-tail1.708141 t Critical one-tail2.485107 0.213017751 0.213017751
10 0 0 P(T<=t) two-tail0.00074 P(T<=t) two-tail0.00074 P(T<=t) two-tail0.00074 2.37 0.289940828
11 2 0 t Critical two-tail1.708141 t Critical two-tail2.059539 t Critical two-tail2.787436 0.213017751 0.289940828
12 0 0 2.37 0.289940828
13 3 1 Difference is Significant Difference is Significant Difference is Significant 2.136094675 0.213017751
14 6 2 19.91 2.136094675
15 2 1 0.21 0.213017751
16 0 1 2.366863905 0.213017751
17 0 0 2.37 0.289940828
18 3 0 2.14 0.289940828
19 1 0 0.289940828 0.289940828
20 1 2 0.29 2.136094675
21 2 0 0.21 0.289940828
22 0 0 2.366863905 0.289940828
23 1 1 0.29 0.213017751
24 1 1 0.29 0.213017751
25 3 0 2.136094675 0.289940828
26 2 1 0.21 0.213017751
mean 1.538462 0.538461538 S1^2,S2^2 1.858461538 0.418461538
t(0.01,25) from Student t-test table 2.485
tcal 3.379189092
99% confidence since |tcal| > t =>H0 rejected, the mean error on iPad is greater than DT107
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ST1/1 two-tailed test on-tailed test
N iPad(X1) DT107(X2) 95% Variable 1 Variable 2 90% Variable 1 Variable 2 99% Variable 1 Variable 2 (X1-X1mean)^2 (X2-X2mean)^2
1 147.8716 74.04252426 Mean 363.8387 103.881 Mean 363.8387 103.881 Mean 363.8387 103.881 46641.80478 890.3375346
2 99.84989 82.81415687 Variance 77478.86 21391.05 Variance 77478.86 21391.05 Variance 77478.86 21391.05 69690.09538 443.8139268
3 617.3233 40.70792416 Observations 28 28 Observations 28 28 Observations 28 28 64254.41707 3990.843651
4 107.2986 196.1565696 Pearson Correlation0.349222 Pearson Correlation0.349222 Pearson Correlation0.349222 11513 8514.771779
5 754.5734 41.4871691 Hypothesized Mean Difference0 Hypothesized Mean Difference0 Hypothesized Mean Difference0 152673.5943 3892.996199
6 127.2831 115.9903185 df 27 df 27 df 27 55958.53068 146.6344175
7 447.2337 27.46378033 t Stat 5.183045 t Stat 5.183045 t Stat 5.183045 6954.728621 5839.59889
8 224.8044 91.4453399 P(T<=t) one-tail9.31E-06 P(T<=t) one-tail9.31E-06 P(T<=t) one-tail9.31E-06 19330.54901 154.6468507
9 153.0817 71.1701884 t Critical one-tail1.703288 t Critical one-tail1.313703 t Critical one-tail2.47266 44418.52424 1070.000375
10 947.6735 56.81003862 P(T<=t) two-tail1.86E-05 P(T<=t) two-tail1.86E-05 P(T<=t) two-tail1.86E-05 340863.0303 2215.67998
11 395.0924 74.04252426 t Critical two-tail2.051831 t Critical two-tail1.703288 t Critical two-tail2.770683 976.7931488 890.3375346
12 61.58734 9.468307726 91355.8893 8913.765639
13 695.691 107.2056995 Difference is Significant Difference is Significant Difference is Significant 110125.9618 11.05330357
14 155.9006 50.30818035 43238.25124 2870.052212
15 947.6735 83.8896995 340863.0303 399.6540386
16 392.622 71.12726026 828.4755658 1072.81065
17 273.5822 131.8787159 8146.235464 783.8693725
18 148.1249 125.4065941 46532.42489 463.3491084
19 343.7354 94.72119894 404.1443101 83.90284564
20 172.676 68.27716568 36543.18052 1267.636479
21 414.2813 74.8537998 2544.456026 842.5811727
22 931.5884 826.7300081 322339.7495 522510.6183
23 493.1896 79.04789224 16731.65911 616.6856547
24 13.15295 39.14717553 122980.5006 4190.474322
25 146.0199 84.6874093 47445.04408 368.3957893
26 372.8002 52.97194466 80.3086704 2591.736864
27 416.2655 70.09130258 2748.573149 1141.746936
28 186.5074 66.72647256 31446.40116 1380.46252
mean 363.8387 103.8810486 S1^2, S2^2 75467.75383 21391.05394
t(0.01,27) 2.473
tcal 4.419896174
99% confidence since |tcal| > t =>H0 rejected, the mean error on iPad is greater than DT107
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ST1/2 two-tailed test on-tailed test
N iPad(X1) DT107(X2) 90% Variable 1 Variable 2 95% Variable 1 Variable 2 99% Variable 1 Variable 2 (X1-X1mean)^2 (X2-X2mean)^2
1 118.9643 108.04042 Mean 62.24323 134.0542 Mean 62.24323 134.0542 Mean 62.24323 134.0542 3217.27701 676.7191183
2 15.93691 59.967949 Variance 8165.324 22317.4 Variance 8165.324 22317.4 Variance 8165.324 22317.4 2144.276025 5488.779343
3 37.76903 100.16062 Observations 28 28 Observations 28 28 Observations 28 28 598.9864586 1148.777794
4 14.91643 54.162662 Pearson Correlation-0.00928 Pearson Correlation-0.00928 Pearson Correlation-0.00928 2239.826084 6382.665079
5 25.70019 25.328864 Hypothesized Mean Difference0 Hypothesized Mean Difference0 Hypothesized Mean Difference0 1335.39379 11821.20858
6 48.50258 49.060164 df 27 df 27 df 27 188.8056696 7223.9939
7 41.01829 54.351075 t Stat -2.16753 t Stat -2.16753 t Stat -2.16753 450.4983407 6352.5954
8 24.5051 116.95092 P(T<=t) one-tail0.01959 P(T<=t) one-tail0.01959 P(T<=t) one-tail0.01959 1424.166704 292.5236907
9 36.28361 272.54048 t Critical one-tail1.313703 t Critical one-tail1.703288 t Critical one-tail2.47266 673.902373 19178.43631
10 47.46051 93.141606 P(T<=t) two-tail0.039181 P(T<=t) two-tail0.039181 P(T<=t) two-tail0.039181 218.5289552 1673.844046
11 12.74755 93.534823 t Critical two-tail1.703288 t Critical two-tail2.051831 t Critical two-tail2.770683 2449.822933 1641.823549
12 50.62114 59.86972 135.0730448 5503.343775
13 28.50439 122.97494 Difference is Significant Difference is Significant Difference is NOT Significant 1138.309943 122.750937
14 71.47377 102.86111 85.20280632 973.0116305
15 14.23025 64.028086 2305.246759 4903.662915
16 50.38353 47.728689 140.6526202 7452.101659
17 120.3118 93.700878 3371.960814 1628.39426
18 39.80578 66.920597 503.439446 4506.926769
19 61.07782 129.24872 1.358193467 23.09304037
20 38.65876 159.86619 556.2272833 666.2564386
21 64.62585 824.76884 5.676837232 477086.6575
22 31.97655 186.02328 916.0719715 2700.78055
23 73.74619 112.86803 132.3178944 448.8556296
24 20.0125 184.96009 1783.435291 2591.405145
25 114.6058 287.89049 2741.843081 23665.5901
26 20.89258 143.50082 1709.876452 89.23777837
27 496.2504 68.930544 188362.2549 4241.096443
28 21.82888 70.138249 1633.320077 4085.25462
mean 62.24323 134.05425 S1^2, S2^2 8165.324138 22317.39948
t(0.05,27) 1.703
tcal -2.17642231
95% confidence since |tcal| > t =>H0 rejected, the mean error on iPad is greater than DT107
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ST2/1 two-tailed test on-tailed test
N iPad(X1) DT107(X2) 90% Variable 1 Variable 2 95% Variable 1 Variable 2 99% Variable 1 Variable 2 (X1-X1mean)^2 (X2-X2mean)^2
1 0 0 Mean 0.785714 0.428571 Mean 0.785714 0.428571 Mean 0.785714 0.428571 -0.785714286 0.183673469
2 1 0 Variance 0.470899 0.550265 Variance 0.470899 0.550265 Variance 0.470899 0.550265 0.214285714 0.183673469
3 0 0 Observations 28 28 Observations 28 28 Observations 28 28 -0.785714286 0.183673469
4 2 1 Pearson Correlation0.114335 Pearson Correlation0.114335 Pearson Correlation0.114335 1.214285714 0.326530612
5 2 1 Hypothesized Mean Difference0 Hypothesized Mean Difference0 Hypothesized Mean Difference0 1.214285714 0.326530612
6 1 1 df 27 df 27 df 27 0.214285714 0.326530612
7 0 2 t Stat 1.986799 t Stat 1.986799 t Stat 1.986799 -0.785714286 2.469387755
8 2 0 P(T<=t) one-tail0.02859 P(T<=t) one-tail0.02859 P(T<=t) one-tail0.02859 1.214285714 0.183673469
9 1 0 t Critical one-tail1.313703 t Critical one-tail1.703288 t Critical one-tail2.47266 0.214285714 0.183673469
10 0 0 P(T<=t) two-tail0.057179 P(T<=t) two-tail0.057179 P(T<=t) two-tail0.057179 -0.785714286 0.183673469
11 0 0 t Critical two-tail1.703288 t Critical two-tail2.051831 t Critical two-tail2.770683 -0.785714286 0.183673469
12 1 0 0.214285714 0.183673469
13 1 1 Difference is Significant Difference is NOT Significant Difference is NOT Significant 0.214285714 0.326530612
14 0 0 -0.785714286 0.183673469
15 0 0 -0.785714286 0.183673469
16 1 1 0.214285714 0.326530612
17 2 0 1.214285714 0.183673469
18 0 1 -0.785714286 0.326530612
19 1 0 0.214285714 0.183673469
20 1 1 0.214285714 0.326530612
21 1 0 0.214285714 0.183673469
22 1 0 0.214285714 0.183673469
23 1 0 0.214285714 0.183673469
24 1 0 0.214285714 0.183673469
25 0 0 -0.785714286 0.183673469
26 0 0 -0.785714286 0.183673469
27 1 0 0.214285714 0.183673469
28 1 3 0.214285714 6.612244898
mean 0.785714 0.4285714 S1^2, S2^2 4.93432E-17 0.55026455
t(0.10,27) 1.314
tcal 2.547623327
90% confidence since |tcal| > t =>H0 rejected, the mean error on iPad is greater than DT107
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ST2/2 two-tailed test
N iPad DT107 90% Variable 1 Variable 2 95% Variable 1 Variable 2 99% Variable 1 Variable 2
1 1 0 Mean 1.035714 1.571429 Mean 1.035714 1.571429 Mean 1.035714 1.571429
2 1 1 Variance 1.443122 2.031746 Variance 1.443122 2.031746 Variance 1.443122 2.031746
3 0 1 Observations 28 28 Observations 28 28 Observations 28 28
4 1 2 Pearson Correlation-0.1854 Pearson Correlation-0.1854 Pearson Correlation-0.1854
5 3 2 Hypothesized Mean Difference0 Hypothesized Mean Difference0 Hypothesized Mean Difference0
6 0 2 df 27 df 27 df 27
7 0 3 t Stat -1.39831 t Stat -1.39831 t Stat -1.39831
8 1 3 P(T<=t) one-tail0.086701 P(T<=t) one-tail0.086701 P(T<=t) one-tail0.086701
9 1 0 t Critical one-tail1.313703 t Critical one-tail1.703288 t Critical one-tail2.47266
10 0 3 P(T<=t) two-tail0.173402 P(T<=t) two-tail0.173402 P(T<=t) two-tail0.173402
11 1 2 t Critical two-tail1.703288 t Critical two-tail2.051831 t Critical two-tail2.770683
12 0 0
13 0 1 Difference is NOT Significant Difference is NOT Significant Difference is NOT Significant
14 0 2
15 0 1
16 1 0
17 4 1
18 0 1
19 3 0
20 3 2
21 0 1
22 1 0
23 1 2
24 2 0
25 0 3
26 2 4
27 0 6
28 3 1
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ST3/1 two-tailed test
N iPad DT107 90% Variable 1 Variable 2 95% Variable 1 Variable 2 99% Variable 1 Variable 2
1 44.11916 99.81222 Mean 313.92 234.0267 Mean 313.92 234.0267 Mean 313.92 234.0267
2 35.56206 190.9156 Variance 97052.45 51729.2 Variance 97052.45 51729.2 Variance 97052.45 51729.2
3 828.6539 46.13659 Observations 37 37 Observations 37 37 Observations 37 37
4 60.58285 65.135 Pearson Correlation0.174944 Pearson Correlation0.174944 Pearson Correlation0.174944
5 828.6539 73.16582 Hypothesized Mean Difference0 Hypothesized Mean Difference0 Hypothesized Mean Difference0
6 106.183 385.1636 df 36 df 36 df 36
7 15.32352 100.4173 t Stat 1.380121 t Stat 1.380121 t Stat 1.380121
8 48.59352 326.5715 P(T<=t) one-tail0.08803 P(T<=t) one-tail0.08803 P(T<=t) one-tail0.08803
9 199.6472 438.5215 t Critical one-tail1.305514 t Critical one-tail1.688298 t Critical one-tail2.434494
10 87.76293 41.63204 P(T<=t) two-tail0.17606 P(T<=t) two-tail0.17606 P(T<=t) two-tail0.17606
11 510.3827 95.25567 t Critical two-tail1.688298 t Critical two-tail2.028094 t Critical two-tail2.719485
12 194.813 425.4823
13 9.800514 84.7284 Difference is NOT Significant Difference is NOT Significant Difference is NOT Significant
14 140.5342 550.4627
15 19.57881 27.42884
16 828.6539 175.5271
17 85.6417 128.8369
18 126.4665 548.6675
19 828.6539 66.47488
20 94.68274 79.64635
21 828.6539 78.95565
22 106.0618 78.89176
23 749.1888 757.9251
24 378.3682 25.13318
25 828.6539 757.9251
26 828.6539 432.8324
27 71.9217 757.9251
28 280.5391 321.4082
29 324.87 47.05059
30 76.49084 26.84102
31 151.7256 37.47839
32 430.7563 50.51281
33 32.50982 107.1645
34 189.9229 182.4395
35 680.8719 555.8116
36 19.81161 205.9616
37 541.7483 284.7495
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IR1/1 two-tailed test
N iPad DT107 90% Variable 1 Variable 2 95% Variable 1 Variable 2 99% Variable 1 Variable 2
1 0 1 Mean 0.75 0.928571 Mean 0.75 0.928571 Mean 0.75 0.928571
2 0 1 Variance 0.935185 1.47619 Variance 0.935185 1.47619 Variance 0.935185 1.47619
3 0 0 Observations 28 28 Observations 28 28 Observations 28 28
4 1 1 Pearson Correlation-0.04728 Pearson Correlation-0.04728 Pearson Correlation-0.04728
5 1 1 Hypothesized Mean Difference0 Hypothesized Mean Difference0 Hypothesized Mean Difference0
6 1 4 df 27 df 27 df 27
7 0 1 t Stat -0.59494 t Stat -0.59494 t Stat -0.59494
8 1 0 P(T<=t) one-tail0.278417 P(T<=t) one-tail0.278417 P(T<=t) one-tail0.278417
9 4 0 t Critical one-tail1.313703 t Critical one-tail1.703288 t Critical one-tail2.47266
10 0 1 P(T<=t) two-tail0.556834 P(T<=t) two-tail0.556834 P(T<=t) two-tail0.556834
11 1 3 t Critical two-tail1.703288 t Critical two-tail2.051831 t Critical two-tail2.770683
12 1 0
13 0 0 Difference is NOT Significant Difference is NOT Significant Difference is NOT Significant
14 1 0
15 0 0
16 1 0
17 0 1
18 0 0
19 3 2
20 1 0
21 1 0
22 1 1
23 2 1
24 0 1
25 0 3
26 1 0
27 0 4
28 0 0
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IR1/2 two-tailed test on-tailed test
N iPad(X1) DT107(X2) 90% Variable 1 Variable 2 95% Variable 1 Variable 2 99% Variable 1 Variable 2 (X1-X1mean)^2 (X2-X2mean)^2
1 0 0 Mean 1.142857 0.75 Mean 1.142857 0.75 Mean 1.142857 0.75 1.306122449 0.5625
2 2 1 Variance 1.089947 0.564815 Variance 1.089947 0.564815 Variance 1.089947 0.564815 0.734693878 0.0625
3 3 1 Observations 28 28 Observations 28 28 Observations 28 28 3.448979592 0.0625
4 1 1 Pearson Correlation0.283225 Pearson Correlation0.283225 Pearson Correlation0.283225 0.020408163 0.0625
5 0 0 Hypothesized Mean Difference0 Hypothesized Mean Difference0 Hypothesized Mean Difference0 1.306122449 0.5625
6 1 0 df 27 df 27 df 27 0.020408163 0.5625
7 1 2 t Stat 1.889575 t Stat 1.889575 t Stat 1.889575 0.020408163 1.5625
8 0 0 P(T<=t) one-tail0.034799 P(T<=t) one-tail0.034799 P(T<=t) one-tail0.034799 1.306122449 0.5625
9 1 0 t Critical one-tail1.313703 t Critical one-tail1.703288 t Critical one-tail2.47266 0.020408163 0.5625
10 1 0 P(T<=t) two-tail0.069598 P(T<=t) two-tail0.069598 P(T<=t) two-tail0.069598 0.020408163 0.5625
11 0 1 t Critical two-tail1.703288 t Critical two-tail2.051831 t Critical two-tail2.770683 1.306122449 0.0625
12 0 0 1.306122449 0.5625
13 3 1 Difference is Significant Difference is NOT Significant Difference is NOT Significant 3.448979592 0.0625
14 1 0 0.020408163 0.5625
15 3 3 3.448979592 5.0625
16 0 1 1.306122449 0.0625
17 3 0 3.448979592 0.5625
18 3 0 3.448979592 0.5625
19 1 1 0.020408163 0.0625
20 2 1 0.734693878 0.0625
21 0 0 1.306122449 0.5625
22 1 1 0.020408163 0.0625
23 1 1 0.020408163 0.0625
24 1 2 0.020408163 1.5625
25 1 1 0.020408163 0.0625
26 0 1 1.306122449 0.0625
27 1 1 0.020408163 0.0625
28 1 1 0.020408163 0.0625
mean 1.142857 0.75 S1^2, S2^2 1.08994709 0.564814815
t(0.10,27) 1.314
tcal 1.616016953
90% confidence since |tcal| > t =>H0 rejected, the mean error on iPad is greater than DT107
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IR2/1 two-tailed test
N(Binary) iPad DT107 Correct 8 -3
1 0 0 Wrong 13 24 Total Sample Size
2 0 0 Sample Size 21 21 42
3 0 0 P 0.380952 -0.14286
4 0 0 |ad-bc| 231
5 0 0 n1(a+b) 105
6 0 1 n2(c+d) 777
7 0 0 X^2 27.47027
8 0 1
9 0 0
10 0 0 Two-tailed test, X^2(0.05,1) = 3.841; X^2(0.1,1) = 2.706; X^2(0.01,1) = 6.635
11 0 0 Since X^2 <   X^2(0.05,1); X^2 < X^2(0.1,1); X^2 < X^2(0.01,1) => accept H0 
12 1 0 95% confidence to say NO Significant difference
13 1 1 90% confidence to say NO Significant difference
14 0 1 99% confidence to say NO Significant difference
15 0 0
16 1 1
17 1 1
18 1 0
19 0 1
20 0 1
21 0 0
F
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IR2/2 two-tailed test
N iPad DT107 90% Variable 1 Variable 2 95% Variable 1 Variable 2 99% Variable 1 Variable 2
1 0 1 Mean 1.071429 0.821429 Mean 1.071429 0.821429 Mean 1.071429 0.821429
2 2 0 Variance 1.920635 0.818783 Variance 1.920635 0.818783 Variance 1.920635 0.818783
3 0 0 Observations 28 28 Observations 28 28 Observations 28 28
4 0 2 Pearson Correlation0.040083 Pearson Correlation0.040083 Pearson Correlation0.040083
5 1 1 Hypothesized Mean Difference0 Hypothesized Mean Difference0 Hypothesized Mean Difference0
6 0 0 df 27 df 27 df 27
7 1 1 t Stat 0.814345 t Stat 0.814345 t Stat 0.814345
8 1 1 P(T<=t) one-tail0.211286 P(T<=t) one-tail0.211286 P(T<=t) one-tail0.211286
9 0 0 t Critical one-tail1.313703 t Critical one-tail1.703288 t Critical one-tail2.47266
10 2 1 P(T<=t) two-tail0.422572 P(T<=t) two-tail0.422572 P(T<=t) two-tail0.422572
11 1 1 t Critical two-tail1.703288 t Critical two-tail2.051831 t Critical two-tail2.770683
12 0 0
13 0 1 Difference is NOT Significant Difference is NOT Significant Difference is NOT Significant
14 6 0
15 0 0
16 1 0
17 1 2
18 1 1
19 0 1
20 0 0
21 1 0
22 3 3
23 1 3
24 1 0
25 4 1
26 1 1
27 0 2
28 2 0
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IR3/1 two-tailed test
N iPad DT107 90% Variable 1 Variable 2 95% Variable 1 Variable 2 99% Variable 1 Variable 2
1 28 56 Mean 117.1154 150.8462 Mean 117.1154 150.8462 Mean 117.1154 150.8462
2 282 285 Variance 10453.55 12344.78 Variance 10453.55 12344.78 Variance 10453.55 12344.78
3 19 186 Observations 26 26 Observations 26 26 Observations 26 26
4 30 120 Pearson Correlation0.124475 Pearson Correlation0.124475 Pearson Correlation0.124475
5 282 29 Hypothesized Mean Difference0 Hypothesized Mean Difference0 Hypothesized Mean Difference0
6 141 19 df 25 df 25 df 25
7 51 150 t Stat -1.21708 t Stat -1.21708 t Stat -1.21708
8 60 285 P(T<=t) one-tail0.117468 P(T<=t) one-tail0.117468 P(T<=t) one-tail0.117468
9 27 131 t Critical one-tail1.316345 t Critical one-tail1.708141 t Critical one-tail2.485107
10 151 21 P(T<=t) two-tail0.234937 P(T<=t) two-tail0.234937 P(T<=t) two-tail0.234937
11 112 285 t Critical two-tail1.708141 t Critical two-tail2.059539 t Critical two-tail2.787436
12 169 248
13 36 2 Difference is NOT Significant Difference is NOT Significant Difference is NOT Significant
14 77 285
15 0 285
16 282 285
17 58 285
18 282 150
19 282 285
20 125 112
21 270 66
22 41 210
23 149 1
24 27 26
25 62 106
26 2 9
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IR3/2 two-tailed test
N iPad DT107 90% Variable 1 Variable 2 95% Variable 1 Variable 2 99% Variable 1 Variable 2
1 0 0 Mean 1.52 1.2 Mean 1.52 1.2 Mean 1.52 1.2
2 1 10 Variance 7.593333 4.666667 Variance 7.593333 4.666667 Variance 7.593333 4.666667
3 0 0 Observations 25 25 Observations 25 25 Observations 25 25
4 1 1 Pearson Correlation0.051797 Pearson Correlation0.051797 Pearson Correlation0.051797
5 2 1 Hypothesized Mean Difference0 Hypothesized Mean Difference0 Hypothesized Mean Difference0
6 0 1 df 24 df 24 df 24
7 1 1 t Stat 0.468901 t Stat 0.468901 t Stat 0.468901
8 0 0 P(T<=t) one-tail0.321686 P(T<=t) one-tail0.321686 P(T<=t) one-tail0.321686
9 0 0 t Critical one-tail1.317836 t Critical one-tail1.710882 t Critical one-tail2.492159
10 1 0 P(T<=t) two-tail0.643372 P(T<=t) two-tail0.643372 P(T<=t) two-tail0.643372
11 4 3 t Critical two-tail1.710882 t Critical two-tail2.063899 t Critical two-tail2.79694
12 2 0
13 10 0 Difference is NOT Significant Difference is NOT Significant Difference is NOT Significant
14 0 1
15 10 1
16 0 1
17 3 5
18 0 0
19 0 1
20 0 0
21 1 1
22 1 0
23 0 0
24 1 1
25 0 2
1
4
4
F
.3
IR
v
s.
S
A
A
n
a
ly
sis
R
e
su
lt
Appendix G
The Operators’ Background
Information
User
Number Fdevice Gender Age
Education
Background
Gaming
Experience
Hours/
week
Multi-Touch
Device
Experience
Multi-
Touch
Devices
Type
Time for
Device 0
Time for
Device 1
Time for
Device 2
Avg.Width
(cm)
Avg.High
(cm)
Respond
Time
(second/
point)
1 1 1 25 0 Y 10 Y 0,1 0 3 0 40.5 52 -
0 1 25 0 Y 10 Y 0,1 0 3 0 40.5 52 0.9931
2 0 1 51 3,4 Y 0 Y 0,1,2 0 1 1 40 88 0.6708
1 1 51 3,4 Y 0 Y 0,1,2 0 1 1 40 46 -
3 1 0 22 0 Y 25 N - - - - 26 28 -
0 0 22 0 Y 25 N - - - - 79 34 0.8051
4 0 0 21 6 Y 8 Y 0 - 0 - 90 39 0.8675
1 0 21 6 Y 8 Y 0 - 0 - 30 33 -
5 1 0 32 4 Y 1 Y 0,1 0 1 - 20 26 -
0 0 32 4 Y 1 Y 0,1 0 1 - 75 34 0.8050
6 0 1 24 1 Y 1 Y 0,1 1 1 - 79 35 0.7398
1 1 24 1 Y 1 Y 0,1 1 1 - 20 36 0.5942
7 0 1 23 0 Y 14 Y 0 0 - - 43 73 0.9708
1 1 23 0 Y 14 Y 0 0 - - 23 36 0.6759
8 1 1 23 0 Y 5 Y 0 - - - 29 37 0.6377
0 1 23 0 Y 5 Y 0 - - - 75 32 0.8385
9 0 1 24 0 Y 8 Y 0,1 - 1 - 86 45 0.9310
1 1 24 0 Y 8 Y 0,1 - 1 - 26 30 0.5702
10 1 0 25 6 Y 16 Y 0,1 - 1 - 32 32 0.5546
0 0 25 6 Y 16 Y 0,1 - 1 - 83 37 0.6970
11 1 1 31 1 Y 0 Y 0,1,2 0 0 0 29.5 37.5 0.9155
0 1 31 1 Y 0 Y 0,1,2 0 0 0 86 38 0.8484
12 0 0 15 6 Y 14 Y 0 - 1 - 85 47 0.6245
1 0 15 6 Y 14 Y 0 - 1 - 27 27 0.6031
13 1 0 26 6 Y 0.5 Y 0 - 1 - 33 33 0.6095
0 0 26 6 Y 0.5 Y 0 - 1 - 90 54 0.8346
14 0 1 22 3 Y 14 Y 0,1 - 1 - 88 53.5 0.6669
1 1 22 3 Y 14 Y 0,1 - 1 - 25 40 0.5455
15 1 1 29 2 Y 10 Y 0,1 0 1 - 20 30 0.7471
0 1 29 2 Y 10 Y 0,1 0 1 - 90 40 1.6293
16 0 0 21 3 Y 3 Y 0,1 0 1 - 70 38 0.8454
The Operators' Background Information
1
4
6
1 0 21 3 Y 3 Y 0,1 0 1 - 20 25 0.8000
17 1 1 26 0 Y 10 Y 0,1 0 1 - 20 30 0.6291
0 1 26 0 Y 10 Y 0,1 0 1 - 75 40 0.9609
18 0 0 21 5 Y 0.5 Y 0,1 1 1 - 75 35 0.7202
1 0 21 5 Y 0.5 Y 0,1 1 1 - 17 25 0.6575
19 1 1 27 0 Y 0 Y 2 - 0 - 26 32 0.6339
0 1 27 0 Y 0 Y 2 - 0 - 70 70 0.8810
20 0 1 23 0 Y 2 Y 0,1 0 2 - 79 38 0.7789
1 1 23 0 Y 2 Y 0,1 0 2 - 24.5 38 0.4769
21 1 1 36 5 Y 0 Y 0,1,2 0 2 0 13 38 0.7407
0 1 36 5 Y 0 Y 0,1,2 0 2 0 78 44 0.6509
22 0 1 32 0 Y 2 N - - - - 90 44 0.7590
1 1 32 0 Y 2 N - - - - 10 29 0.7032
23 1 1 39 0,1 Y 0.5 Y 0,1,2 1 0 0 25.5 35 0.7948
0 1 39 0,1 Y 0.5 Y 0,1,2 1 0 0 87 42 0.8512
24 0 1 24 1 Y 1 Y 0 - 3 - 86 43.5 0.6439
1 1 24 1 Y 1 Y 0 - 3 - 30 44 0.6068
25 1 1 21 0 Y 8 Y 0,1 0 0 - 23 35 0.6704
0 1 21 0 Y 8 Y 0,1 0 0 - 74 36 0.8415
26 0 0 27 1 Y 5 Y 0,1 1 0 - 82 39 0.6738
1 0 27 1 Y 5 Y 0,1 1 0 - 23 26.5 0.8557
27 1 0 21 4 Y 20 Y 0,1,2 1 1 0 32 32 0.5374
0 0 21 4 Y 20 Y 0,1,2 1 1 0 88 44 0.7461
28 0 0 20 6 Y 20 Y 0,1 1 1 - 85 35 0.6867
1 0 20 6 Y 20 Y 0,1 1 1 - 41 30.5 0.7070
FDivice 1 = iPad 0 = DT107
Gender 1 = Male 0 = Female
Edu_Back 0 = ElectricalEngineering
1 = Avionic
Eng 3 = Business
5 =
Science 6 = Other
Multi-
Touch
Devices
Type
0 = multi-
touch mobile
1 = multi-
touch tablet 2 = other
Time for
Device X,
X = 0, 1,
2
1 = 2-4
(hours/week)
2 = 5-7
(hours/wee
k)
3 = >7
(hours/w
eek)
2 = Other Engineering
1
4
7
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